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ABSTRACT 
 
 
Seepage Evaluations in Cache Valley Irrigation Canals 
 
by 
 
Katerine Napán Molina 
Utah State University, 2008 
 
 
Major Professor: Dr. Gary P. Merkley 
Department: Biological and Irrigation Engineering 
 
Estimation of seepage was done in 39 selected reaches of 11 irrigation canals in the 
Logan and Blacksmith Fork Irrigation Systems of Cache Valley, Utah.  The measurements were 
performed from June to October, 2008, which includes part of the irrigation season for these 
canals.  The inflow-outflow method was used to measure seepage, in which area and velocities 
were measured under steady flow conditions.  Velocity measurements were done with an 
acoustic flow meter and the mean velocity was determined using the reduced-point method 
(velocity measurements at 0.2, 0.6 and or 0.8 of the depth from the water surface). 
As a result, reaches with the highest seepage losses were identified.  Gaining streams, 
losing streams, and gaining-losing streams were also identified.  Spatial variation was observed 
along each canal in which a descending trend of the mean seepage loss was found in the 
downstream direction.  Additionally, spatial variation was found between canals, the reaches 
located in the east part of Logan city presented higher seepage losses than reaches on the west 
side of the city.  Temporal variations were identified by a monthly comparison of seepage losses 
within reaches which indicated higher seepage losses during late July and August of 2008.  
Additionally, this report presents comments about the performance of the FlowTracker® ADV® in 
the present project. 
(148 pages) 
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CHAPTER I 
 
INTRODUCTION 
 
 
Effective management of water in an irrigation system requires knowledge of the quantity 
of water flowing in the canal in order to send the right quantity of water to every user at the right 
time, avoid unnecessary losses, and avoid physical and environmental damages.  Seepage 
outflow from canals affects the efficient operation of the canal system as this water leaves the 
canal, moving downhill and through the soil strata, and may no longer be directly available to the 
water users.  Also, seepage affects the effective water management criteria because it 
sometimes produces erosion and piping damage at control structures. 
In Cache Valley, the Nibley Blacksmith Fork canal conveys water from the Blacksmith 
Fork River, and the Logan River irrigation system conveys water from the Logan river through ten 
open channels, both during the irrigation season (April-October) to be distributed between the 
users (farmers, home-owners, industries, and municipalities).  In order to improve the water 
management in Cache Valley, a data acquisition and telemetry system and data loggers were 
installed on flumes in the Blacksmith Fork and Logan irrigation canals; and currently these data 
are available on the web page of the Utah Division of Water Rights 
(http://www.waterrights.utah.gov/), but there are very few measurements to quantify the amount 
of seepage affecting these canals, seepage that the managers must deal with in order to provide 
the right amount of water to the users.  In fact, Tammali (2005) reported that 8 out of the 10 canal 
companies in the Logan River irrigation system have seepage problems, but there is very little 
knowledge of the amount and, in some cases, of the spatial locations and temporal variation of 
these losses. 
On the other hand, from a holistic point of view, seepage represents one of the sources 
for aquifer recharge which constitutes a reserve of water susceptible to be exploited.  
Furthermore, according to Kariya et al. (1994) approximately 49% of the recharge of the aquifer in 
Cache Valley comes from canal seepage.  Thus, canal seepage potentially constitutes a usable 
water resource even after it leaves the canals, though it requires energy to acquire this water.  In 
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this sense, the Cache valley Regional Council, in the Vision to 2020, considers that the effective 
management of water resource in Cache Valley only will be done through knowledge of the 
quantity and quality of this resource (Cache Chamber of Commerce 2006).  In addition, they 
consider that it is necessary to evaluate canal seepage in order to implement strategies for 
groundwater protection, placing top priority on the protection of groundwater recharge.  Thus, 
more detailed quantitative knowledge of the seepage coming from the irrigation canals can also 
contribute to the accomplishing of the Council’s goals. 
The execution of the present applied research project has made possible to determine 
the seepage in several Logan river irrigation canals and in one (1)  canal in the Blacksmith Fork 
irrigation system, in selected reaches, and its variation during most of the 2008 irrigation season.  
The acquired information is expected to contribute to improved water management in Cache 
Valley, Utah, and to help determining the most important canal reaches in terms of canal lining 
requirements.  Additionally, water level measurement devices and data loggers were installed in 
two canals in the Logan irrigation system (see Appendix F for details). 
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CHAPTER II 
 
LITERATURE REVIEW 
 
 
Canal Seepage 
The seepage in an irrigation canal refers to the water that percolates into the soil strata 
through the wetted perimeter of a canal (Rushton and Redshaw 1979).  Seepage losses affect 
the operation and maintenance of the canals in the sense that part of the water diverted for the 
users is lost from the conveyance system, and at the same time this water might produce piping, 
erode the bank of the canals whether they are lined or not, produce excessive saturation, uplift 
pressure, which might produce failures of the canal and other structures (Rushton and Redshaw 
1979).  For instance, some canals are lined in order to reduce the seepage loss; however, 
according to British researchers the seepage losses in a concrete lined canal might be the same 
as an unlined canal if 0.01% of the lined area consists of cracks (Merkley 2007).   
At the same time, the seepage plays an important role in the hydrological cycle because 
it recharges the aquifers.  For example, it has been estimated that the 49% of the source of 
recharge of the Logan aquifer come from the canals irrigation systems (Kariya et al. 1994). Once 
the surface water from the canals seeps through the wetted perimeter, it enters into the 
groundwater reservoir.  Underground, the water can move through the unsaturated and the 
saturated zones, producing different seepage behavior.  In the unsaturated zone the infiltration is 
affected by factors such as the presence of roots and voids left by animals, worms, and decayed 
vegetation.  In the saturated zone the underground flow moves in idealized pathway: local, 
intermediate or regional.  Local flow is the most dynamic and shallow water with greatest 
interchange with surface water, intermediate flow and regional flow are deeper and longer paths 
and can be superposed. (Winter et al. 2002).  Thus, the stream under evaluation can be 
connected or disconnected to ground water table (the upper limit of the saturated zone 
underneath the surface).  If the water table intersects the canal prism, then the seepage will be 
controlled by the water flowing in the saturated part, if it does not intersect the canal prism, then 
Cover 
number 
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the seepage will be controlled by the hydraulic properties of the bank material and the gradient 
underlying the canal (United States Geological Survey 1977). 
According to Winter  et al. (2002), the interaction between surface water and groundwater 
can occur in three basic ways: a gaining stream (when water table altitude is greater than stream 
water altitude), losing stream (when surface water altitude is higher than water table altitude), and 
gaining-losing stream.  Also, it is known that groundwater tends to follow the surface topography 
from uplands to lowlands, except in river valleys, where groundwater moves in a similar direction 
as the river (Aswathanarayana 2001).  In a mountainous terrain the water quickly seeps down-
slope, mainly due to burrowing organism, decay plants, and weathered rocks, and can result in 
hillside springs (Winter et al. 2002).  In areas close to a permanent surface-water body the depth 
to the water table is usually small (Winter et al. 2002). 
Flow through porous media is governed by Darcy’s law expressed by Eq. 1 (Rushton and 
Redshaw 1979), and the amount of seepage through an area A is expressed by Eq. 2 (Cedergren 
1988). 
 
 v  (1) 
 Q  kiAt (2) 
 
where, v = seepage velocity, k = hydraulic conductivity or permeability, i = hydraulic gradient, 
equal to the net head (over area A) divided by the length of a soil sample; Q = volume of 
seepage; A = area of contact between water and soil sample; and, t = time.  Consequently, the 
amount of seepage from canals depends on factors affecting k (soil and fluid properties such as 
soil permeability, sediment load, vegetation in the canal, lining material, soil and water chemistry, 
water temperature, etc.), i (depth of the water in the canal, location of the groundwater table, etc), 
wetted area (length of the wetted perimeter), and other factors.  Since some of the previous 
factors might not remain constant through the irrigation season, they might produce some impact 
on the amount of seepage rate and affects its spatial and temporal variation. 
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Few factors affecting seepage can be roughly assessed using soil maps, contour maps, 
groundwater table maps, etc.  However, to study canal seepage the current information is too 
broad, representing wide areas (e.g. soil maps) and in some cases only representative of the 
specific time of measurement (e.g. ground water levels).  For example, “small-scale geologic 
features in the bed of surface-water bodies” (such as size, shape, orientation of sediments grains) 
affects seepage; also, groundwater table position varies seasonally and from year to year 
because the factors affecting groundwater recharge vary widely.  For example transpiration from 
plants can produce daily variation of the water table as in some vegetated areas it has been 
observed that surface water moves into shallow groundwater aquifer during the day (when 
transpiration is high) and at night (when transpiration is low) groundwater moves into the surface-
water, also irrigated areas constitute recharge areas for the aquifer and produce a permanent rise 
of the water table during the irrigation season; moreover groundwater flow-paths length and travel 
time varies greatly depending on type of soils, stratification, meteorological conditions, etc. 
(Winter et al. 2002).  Moreover, the hydraulic conductivity (k) can vary over large ranges (billions 
of times) in very short areas, because k depends on widely variant factors such as water 
viscosity, size of porous media, size and distribution of particles, soil stratification (e.g. presence 
of clay, open-work gravel, etc), density of the soils, structure of the soil, size and continuity of 
cracks and joins than can have a permeability many times different than the soil studied 
(Cedergren 1988). 
 
Methods to Measure Canal Seepage 
Seepage from an irrigation canal is usually measured by inflow-outflow studies, ponding 
test, or seepage-meter studies (Unites States Geological Survey 1977).  Each of these methods 
is briefly described in the following sections. 
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Inflow-Outflow Method 
The inflow-outflow method is a water balance approach that consists in the direct 
measurement of the flow rate flowing into and out of a reach of canal.  Thus, from Eq. 3 it is 
possible to estimate the flow that goes into the soil through the wetted perimeter.  Figure 1 shows 
the scheme of this method. 
 
 
 
 
 
 
 
 
 
Fig. 1. Mass balance for the inflow-outflow method 
 
 
             (3) 
 
where S is the seepage rate; Qi is the upstream inflow; R is the rainfall; Qo is the downstream 
outflow; D is the flow diverted along the reach; I is the inflow along the reach; and, E is 
evaporation. To use this method it is necessary assume steady flow conditions and take long 
canal reaches to obtain a measurable loss (Blackwell 1951). 
 
Ponding Test 
The ponding test consists in blocking a reach of a canal with dikes in both extremes 
(upstream and downstream).  Then the reach is filled with water and the water level variations are 
recorded to calculate the seepage rate, some corrections are needed to account for temperature 
and evaporation in the pond. 
E 
I 
D 
Qi 
Qo 
S 
R 
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According to different authors (Alam and Butha 2004; Blackwell 1951; and, United States 
Geological Survey 1977) the ponding method is the most accurate method to measure seepage, 
but does not reflect the usual operating conditions of the irrigation system (e.g. this test is usually 
conducted during the non-irrigation season under non-flow conditions, the suspended material in 
the water can settle on the walls and the bed of the canal, reduce the seepage rate).  Another 
inconvenience is that the canal has to be out of operation while the test is performed (the test can 
take several days), and the construction of the barriers might be expensive and could damage the 
canal (United States Geological Survey 1977). 
Alam and Butha (2004) compared the ponding method and the inflow-outflow method 
and concluded that although the ponding method is the most accurate method to measure canal 
seepage; the selection of the best method for a particular project depends on different factors 
such as the nature of the project, the time availability, the magnitude of the seepage loss, the 
availability of equipment, and others. 
 
Seepage Meter Studies 
Seepage meters are instrument that determine the seepage in punctual locations, but 
usually it is not representative of the entire canal because the seepage can change along the 
cross section and along the canal.  Also, seepage meters are not appropriate for rocky canal 
perimeter or for canals with velocities greater than 2 ft/s (0.61 m/s).  According to the Unites 
States Geological Survey (1977) this equipment is rarely used because it could give variable and 
sometime inconsistent values. 
 
 
Units to Express Seepage Rate 
According to Skogerboe and Merkley (1996) there are three common ways to express 
the seepage rate: 
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(1) Seepage rate in lps/100 m: 
 
   10
 
 

 (4) 
 
(2) Seepage loss rate in % / 100 m: 
 
   100   
 

 (5) 
 
(3) Seepage loss rate in mm/day: 
 
   8.64  10
# 

$%&'(
 (6) 
 
where Ql = seepage loss; Qu = inflow rate (m3/s); Qd = outflow rate (m3/s); L = reach length (m); 
and, Wpavg = average wetted perimeter (m). 
 
Discharge Measurements 
The flow rate in a cross section perpendicular to a canal is estimated using Eq. 7: 
 
   )  * (7) 
 
where Q is the discharge (in volume per unit of time); V is the mean velocity of the flow; and, A is 
the area of the cross section. 
According to the International Standards Organization (2007) - ISO 748 2007, some 
considerations to select a cross section in an open channel are: 
 
- The channel must be straight in alignment; 
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- The flow direction in the verticals must be parallel between them and parallel with the 
cross section; 
- The distribution of velocities (vertical and horizontal) must be regular; 
- Avoid sites with vortices, reverse flow, and or stagnant water; 
- There must not be any significant obstructions in the cross section; and, 
- Measurements close to bridges should be on the upstream side. 
 
The velocity is typically measured using current meters.  Some recommendations to take 
into account during the measurements are (International Standard Organization 2007): 
- Do not use rotating current meters when the water depth is less than four times the 
diameter of the impeller. 
- Take care that random waves and wind do not affect the measure. 
- The current meter must be exposed at least by 30 seconds.  If there are pulsations then 
the time should be increased. 
- The number of recommended verticals along the tag line is shown in Table 1. 
 
Table 1. Suggested Number of Verticals 
Channel width 
(m) 
Suggested number 
of verticals 
< 0.5 5 - 6 
0.5 - 1 6 - 7 
1 - 3 7 - 12 
3 - 5 13 - 16 
>= 5 
>= 22, and discharge of 
each segment less than 5% 
of the total discharge 
Source: International Standards Organization (2007) 
 
 
The determination of the mean velocity in an open channel may be done using one of the 
following two methods: 
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- Velocity Distribution Method: The velocity is obtained in many points (grid). The velocity 
of each point must be less than 20% to the adjacent point; or, 
- Reduced Point Method: This method consists in the measurement of the velocity at fixed 
water depths along a vertical line in the canal in which the depths are based on 
theoretical velocity profiles (International Standard Organization 2007).  The location of 
the fixed depths and the formulas to calculate the mean velocity in a vertical are shown in 
Table 2. 
 
Table 2. Location of the Fixed Depths for the Reduced-Point Method 
Method 
Location of the point in 
the vertical (below the 
water surface) 
Mean velocity in the vertical 
One  point method 0.6 V0.6 
Two point method 0.2 and 0.8 (V0.2 + V0.8)/2 
Three point method 0.2, 0.6 and 0.8 0.25*(V0.2+2*V0.6+V0.8) 
Five point method 0.2, 0.6, 0.8 ,the surface 
and the bottom 0.1*(Vsurface+3*V0.2+2*V0.2*V0.6+Vbed) 
Six point method 0.2, 0.4, 0.6, 0.8 ,the 
surface and the bottom 0.1*(Vsurface+3*V0.2+2*V0.8+Vbed) 
Source: International Standards Organization (2007) 
 
The cross sectional area is obtained by direct measurement of the cross section width 
(using the tag line) and the water depth at each vertical.  Then, the mean velocity in the vertical 
and the estimated cross sectional area are used in Eq. 7 to calculate the discharge.  Some of the 
most common arithmetic methods to calculate the total flow rate in a channel cross section are 
the mean-section and the mid-section methods.  Those methods differ in the location of the 
vertical in which the velocity measurement is done.  According to Young (1950) quoted by Rantz 
(1982), the midsection-method is slightly more accurate than the Mean-section method. 
 
Mean Section Method 
The channel cross section is divided in subsections, and the subsection boundaries are 
the verticals in which the velocity measurements are done. Then, the total discharge is obtained 
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by the sum of the discharge in each subsection into which the channel cross section was divided 
(Eq. 8). 
 
   ∑,-./  ,- 
0123.01
4

5123.51
4
  8) 
 
where Q = flow rate; b = position of the vertical along the tag line; d = water depth in the vertical;   
i = position number and V = mean velocity in the vertical. 
 
Mid-section Method 
The channel cross section is divided in subsections and the center of the subsection 
constitutes the vertical in which velocity measurements are done.  Then, the total discharge is 
obtained by the sum of the discharge in each subsection into which the channel cross section 
was divided (Eq. 9). 
 
    ∑ )-  6- 
71237183)
4
 (9) 
 
where Q = flow rate; b = position of the vertical along the tag line; d = water depth in the vertical;   
i = position number and, V = mean velocity in the vertical. 
 
Current Metering 
Current meters are instruments to measure flow velocity at a fixed point in a stream cross 
section.  Some of the more widespread current meters are the mechanical, electromagnetic, and 
acoustic types.  Some comparisons between current meters are briefly explained in the following 
lines: 
Morlock and Fisher (2002) have evaluated in laboratory and in the field three types of 
hydro-acoustic meters: FlowTracker® ADV®, Acoustic Doppler velocity profiler and Bottom-
tracking acoustic Doppler current profilers (ADCPs).  They tested the ADV in a United States 
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Geological Survey (USGS) tow tank and concluded that the acoustic device accomplish the 
USGS calibration standards for mechanical impellor current meter (Price AA) and the 
manufacturer accuracy limit (±1% of measured velocity). 
Rehmel (2007) compared the performance of the Flow Tracker firmware version 2.5 with 
the Price (AA or Pygmy) current meters in 43 different USGS stream flow-gauging stations, with 
water deep between 0.05 to 0.67 m, velocities from 13 to 60 cm/s, discharges from 0.02 to 12.4 
m3/s and width from approximately 15 to 60 m.  He concluded that the Flow Tracker can be used 
successfully for data collection in different field conditions.  Also, he found that the data taken with 
the Price meter had a perfect agreement (at a 95% confidence level) to the data taken with the 
FlowTracker. 
For the present research, an acoustic Doppler velocity meter was used (Fig. 2 and 3).  
The FlowTracker® ADV® (Acoustic Doppler Velocimeter) of SonTek/YSI Inc. uses acoustic signals 
to determine the velocity of remote particles into the water, then it is assumed that the velocity of 
the particles represent the velocity of the water.  In this device a beam transmits an acoustic 
signal with a known frequency, then this signal hits moving particles (small sediments or bubbles 
suspended in the water) in a remote sampling volume, and immediately the signal is rebound with 
a different frequency. Finally the rebound signal is picked up by two receivers localized upstream 
and downstream to the position of the beam.  The determination of the velocity of the particles is 
made using the Doppler acoustic law (Eq. 10) which states that the frequency of the sound is 
shifted when the source of sound is moving relative to the receiver (SonTek 2007). 
 
 90:%%;<    9=:><?; 
5
@
 (10) 
 
where Fdoppler = change in received frequency (Doppler shift); Fsource = frequency of transmitted 
sound; C = speed of sound in water; and, V = velocity of the source relative to the receiver. 
 
 
 Fig. 2. FlowTracker
 
 
Fig. 3
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Some characteristics of this equipment are: 
- Hardware: the equipment has a probe containing the acoustic elements, a probe cable 
designed to reduce electronic noise, and a handheld controller containing the processing 
electronics, keypad, screen and an external connector to transmit information to the computer 
(see Fig. 3). 
- Sampling strategy: during 1 second the equipment estimates ten single water velocities.  
The mean value of these velocities constitutes one sample, which is recorded.  The desired time 
to collect the data can be set by the user from 10 to 1,000 s. 
- Modes: the equipment works in two modes (general and discharge mode).  In “general” 
mode the equipment measures the velocity in an individual point but does not make calculations 
of discharge.  In ”discharge” mode the user introduces the dimensions of the cross section 
(location of the vertical in the tag line and water depth at each location), and measures the 
velocity in the desired points (0.2, 0.6, 0.8 of the depth) in each location, and based on this 
information the equipment computes the flow rate at the cross section. 
- Operating range: 
Maximum velocity: ±4.5 m/s, or other lesser velocity determined after boundary adjustment. 
Minimum velocity: There is no inherent minimum measurable velocity, the equipment can 
measure velocities lesser than 1cm/s. 
Minimum depth: 2 cm of water 
- Quality control data: The FlowTracker® ADV® determines some quality control data and 
evaluates them prior to make the measurement,  then indicates if some set parameter in the site 
are out of acceptable range.  The quality data evaluated are: 
 Standard error of velocity (σV): It measures the accuracy of the mean velocity data. It is 
obtained dividing the standard deviation of the samples by the root square of the number of 
samples.  The user can fix this value (σV Threshold). 
 Signal-to-Noise Ratio (SNR): measure the strength of the reflected signal with respect to 
the ambient noise level, SNR is expressed in logarithmic units (dB).  The more abundant the 
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particles (that reflect the sound) are, the greater the SNR is.  The recommendable SNR is 10dB; 
however, it can work accurately from 4 dB, but the comparison between the expected and the 
actual shape and physical location of the sampling volume can only be checked with a SNR 
greater than 7 dB (SonTek 2007).  The user can fix this value (SNR Threshold). 
 Boundary Adjustment: Acoustic reflection can come from obstacles (bottom, water surface 
and submerged objects).  Underwater obstacles within 15 cm of the sampling volume might affect 
the velocity data.  The equipment looks for possible interferences and adjusts its function to avoid 
interferences (SonTek 2007).  Any change made for boundary adjustments affects the maximum 
velocity operating limit and it is reported. 
 Spike Filtering: Spikes in velocity data might appear because of large particles, air 
bubbles or poor measurement conditions (SonTek 2007).  Data that exceed Eq. 11 or are lower 
than Eq. 12 are considered spikes.  Acceptable number of spikes can be adjusted by the user 
(Spike Threshold), beyond this limit velocity measurements have to be repeated.  
 
 A  2     CD (11) 
 
 /  2    DD (12) 
 
where Q3 = Lower quartile of the samples, Q1 = Upper quartile of the samples, IQR = Q3 – Q1,  
UL is upper limit and LL is Lower limit. 
 Flow angle: It is the direction of the flow respect to the X direction of the FlowTracker. 
Ideally, this angle should be 0o; however, field measurements typically have some variation from 
this preferred angle.  The maximum acceptable angle can be fixed by the user (Max angle). 
 
The United States Geological Survey (2007) in the Office of Water (OSW) Technical 
Memorandum No 2004.04 (Policy on the use of the Flow Tracker for discharge measurements) 
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updated by the Office of Water (OSW) Technical Memorandum 2007.01 presents some 
recommending setting in the FlowTracker® ADV® use (Table 3). 
 
Table 3. Recommended FlowTracker® ADV® Settings 
 Parameter Recommended Value 
Average Time : 40 seconds 
SNR Threshold : 10 dB 
Standard Error of Velocity Threshold : 0.01 m/s 
Spike Threshold : 10% 
Max Angle : 20º 
Discharge Equation   : Midsection 
Repeat Depth   : No 
Repeat Velocity : No 
Maximum Section Discharge   : 10% 
Maximum Depth Change : 50% 
Maximum Location Change   : 100% 
Reference : Rated 
Methods Displayed : 2-6-8=Y, Ice=Y, Kreps=N*, 5 
point=N*, Multi point = N* 
Uncertainty :Stats 
*Differ from the default settings                                   
Source: United States Geological Survey (2007) 
 
 
According to SonTek (2007), some advantages of the FlowTracker® ADV® are: 
-  The equipment is not in direct contact with the sampling volume because the 
measurement is done in a remote point. 
- The velocity data is provided immediately by the equipment without additional 
calculations. 
- The equipment gives two dimensional flow measurements. 
- It does not need periodically recalibration because calibration does not vary (unless 
physical damage).  
- It has an accuracy of ±1% of the true velocity. 
- The equipment measures low-flow (0.01 m/s) and works in shallow depth (as low as 2 
cm). 
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- It records velocities, section dimensions, and quality control data in the memory. 
- The software configuration might be updated by internet. 
 
However, some disadvantages are: 
- Any changes or damage in the cables or the probes will affect the accuracy of the 
measurement. 
- The determination of the sound speed into the water depends mainly on the temperature 
and salinity.  The temperature is calculated by the equipment (at 0.1oC) and the user 
introduces the salinity value manually. 
- A change of 5oC in temperature or 12 ppt in the salinity of the water (variation during 
measurement) will produce a variation of 1% in the sound speed and consequently it 
results in an approximately 2% error in velocity data. 
- Equipment does not work if the water does not have particles to reflect the sound. 
- The “enough amount of particles” is not determinable with simple inspection or through 
the turbidity.  SonTek (2007) says that the size, shape, distribution and type of the 
particles are factors that affect the signal amplitude, and no simple relationship exists 
with turbidity.  SonTek (2007) indicates that for peak sensitive of the acoustic signal the 
seeding material should be 10 – 20 um diameter and remain in suspension for long time.   
- Debris in the probe can foul the equipment. 
 
 
Previous Work 
The Blacksmith Fork irrigation system and the Logan river Irrigation system have one and 
ten canals, respectively, that provide water for agricultural, domestic and industrial uses. The 
canal names, and length are shown in Table 4, and the variation of the discharge during the 
irrigation season is shown in Fig. 4.  
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Table 4. Canals in the Logan and Nibley Blacksmith Fork Irrigation Systems 
Canal Length (m) 
Nibley-Blacksmith Fork canal 3,234 
Hyde Park and Smithfield canal  14,700 
Logan Northern canal   17,852 
Logan Northfield    10,030 
Logan Northwest Field canal  6,400 
Benson     7,860 
Crocket canal   3,350 
Cow Pasture canal    2,214 
Southwest Field canal  2,415 
Providence canal   1,008 
Logan Island canal   1,270 
Source: GIS information developed by 
Tammali (2005) and Ticlavilca (2006) 
 
 
 
 
 
Fig. 4. Typical inflow in the Logan irrigation canals (adapted from the Utah Division of Water 
Rights 2008) 
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Studies referred to seepage estimations in the Logan irrigation system are: 
Fortier (1897) made seepage estimations in the first 7000 ft of the Hyde Park and 
Smithfield canal (built in 1882). He said that the part of the canal located in the Canyon was not 
properly constructed and presented a loss of 44% of the diverted volume in the evaluated section.  
The author did not mention the methods, equipment, and characteristic of the canal or the 
measured section. There is not more information about another reach measured during this time. 
The Soil Conservation Service (1976) made an inventory in the Bear River basin, Idaho-
Utah, and Wyoming during 1973 and 1974 based on information from institutional files and 
interviews with company officials.  The inventory provides the conveyance efficiencies, but does 
not specify the method used, reaches evaluated, fraction corresponding to canal seepage, spatial 
variation, and seasonal variations. 
Weber (2004) made an inventory of Hyde Park, Logan Providence and Northwest Field 
Irrigation canal, elaborated a GIS map and measured seepage in August and September 2004.  
He measured in three stations along the Hyde Park and Logan Northwest and one station in the 
Logan Providence, and measured inflows and outflows along the canal (Table 5).  He found that 
the Hyde Park canal has the highest loss in the section running along Canyon road and 
significantly decreased in the downstream direction.  The Logan Northwest canal presented a 
losing stream in the two first upstream reaches, and a gaining stream in the last section.  The 
Providence canal showed seepage loss, and the loss was higher in August than in September.  In 
the Hyde Park canal, two sections presented higher seepage loss in September than in August, 
and one was higher in August than in September. 
Tammali (2005) made measurements of seepage in some selected reaches using a 
Pygmy current meter and electromagnetic (Marsh-McBirney current meter) and found values 
shown in Table 6.  Also, he made a GIS map (Fig. 5) and diagnosis of the Logan Irrigation canals.  
He found that the seepage loss in the canals is a big concern because the majority of the canals 
are unlined and build over soils with a high rate of percolation.  The evaluated canals in this study 
were: 
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Table 5. Seepage Loss in the Logan Irrigation Canals 
Canal 
Downstream 
Stations 
(miles) 
Flow Rate Loss-
Aug 2004  
(cfs/mi) 
Flow Rate Loss-
Sep 2004  
(cfs/mi) 
Hyde Park  
 
1.57 5.69 7.28 
3.11 0.81 0.84 
3.66 2.32 1.04 
Logan Northwest Field  
 
 
0.86 
1.02 
0.8 
1.47 
0.45 2.08 
1.63  -0.20 
Providence 1.38 1.89 1.85 
Source: Weber (2004) 
 
 
Table 6. Measured Seepage in Selected Reaches of the Logan Irrigation Canals 
Canal Length (feet) Seepage loss (cfs/foot) Percentage 
Logan Northfield 1450 0.0013 8.0% 
Southwest Field 1470 0.0003 20.8% 
Smithfield Hyde Park 7450 0.0011 18.9% 0.0008 17.9 % 
Benson 2000 0.0008 10.0% 
 
Source: Tammali (2005) 
 
 
1. Benson canal: Part of the canal with seepage problems has been lined with a plastic and 
approximately 82 ft of pipe were installed in the upper Benson canal to avoid losses due 
to the cracked concrete lining. 
2. Cow Pasture canal: No seepage problems were reported. 
3. Crocket canal: Apparently, this canal presents leakage flowing close to the Canyon road 
in Logan, but the board of directors does not know the location of the filtration from the 
canal.  
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4. Southwest Field canal: Tammali (2005) measured the seepage losses in 1,470 ft of this 
canal, and found approximately 20.8% of seepage losses in this reach. 
5. Hyde Park and Smithfield canal: Seepage in this canal was measured in 2005, and was 
found to be 18% to 19% of the inflow rate in a 7,450-ft reach close to the upstream end of 
the canal.  Furthermore, in the interview developed by Tammali (2005), the boards of 
directors requested the measurement of a longer reach at the upstream end of the canal.  
6. Logan Northwest Field canal: The Logan river commissioner reported some complaints 
due to seepage losses.  
7. Providence canal: It is reported that in the upstream section of the canal could be 
seepage losses but these were never measured.  Also, according to Tammali (2005) 
during his “diagnostic walk-through survey,” when this canal runs full seepage losses 
affect a building basement (flooding). 
8. Logan Northfield canal: Tammali (2005) measured the seepage losses in 1,450 ft of this 
canal, and around 8% of seepage losses in these reach. 
 
There is no information about the Logan Northern or Logan Island canals because no 
measurements were made in them, or the board of directors were not consulted about seepage 
losses.  Finally, Tammali (2005) strongly suggests making seepage loss studies in several 
additional reaches of the canals in order to improve the water management in the Cache Valley 
irrigation system. 
 
 
 
 
Fig. 5.  Main canals in the Logan and Blacksmith Fork river irrigation system
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CHAPTER III 
 
METHODOLOGY 
 
 
Seepage Measurement Method 
The seepage measurements were done using the inflow-outflow method in selected 
reaches of the canals.  Discharge measurements were estimated using a current meter and Eq. 
7.  The measurement of velocities was done using the wading measurement method, which 
consists in the hydrographer standing up into the canal (downstream of the current meter), and 
measuring the velocity at defined locations (verticals) along a tag line.  The estimation of the 
mean velocity in each vertical and in the cross section was obtained using the reduced-point 
method.  The area was obtained from the measurement of water depth at every vertical along the 
cross section.  The computation of the discharge was done using the mid-section method.  The 
measurement of low-flow pipes discharges was done using the volumetric method, in which the 
volume of water during a period of time was measured. 
Based on the selection explained in Appendix A, the flow meter used in the present 
project was the acoustic flow meter called FlowTracker® ADV® (manufactured by SonTek Co.) 
and its software version 2.20.  Other equipment and materials used during the field work were: 
 
- A Global Positioning System (GPS) unit; 
- A digital photographic camera; 
- A notebook computer; 
- Digital and printed maps of the conveyance systems; 
- Measuring tapes; and, 
- A 5-gallon bucket. 
 
Canal Reach Selection 
Some preferred characteristics were defined for the present project In order to select the 
most adequate reaches and cross sections to make the measurements. 
  
Cover 
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Preferred Characteristics Along a Reach 
- Accessibility and safety: The safety and accessibility by car or walking through an access 
road was critical since it facilitates the inspection of inflows and outflows present along the reach, 
reduce the time to commute between upstream and downstream cross sections, and reduce the 
chance of having un-steady flow between cross sections.  For this reason, locations covered with 
vegetation or surrounded by fences were avoided when possible, otherwise the inspection was 
done by walking inside the canal. 
- Few inflows and outflows: Less number of outflows means less time used to finish the 
measurements in one reach and less measurement error involved.  For this reason the reaches 
were first selected based on the number of existent inflows and outflows reported by Tammali 
(2005), and the definitive reach was selected at the moment of the field inspection, considering 
the number of inflow and outflow (gates, pipes, and pumps) locations with flowing water. 
- Measurable inflows and outflows: For more accurate seepage estimation the inflows and 
outflows had to be measurable, for this reason submerged pipes, pumps, gates diverting direct 
into houses and gates diverting into buried pipes were avoided when possible. 
- Long reaches: When using the inflow-outflow method long reaches are required  to have 
a measurable loss (Blackwell 1951).  For the present project the length of the reaches were 
selected on the field trying to get the longest possible reach. 
- Spatially distributed reaches: The reaches were located as equally distributed as 
possible, given several practical considerations, along the channel. 
- Type of lining: The measurement should be done in reaches with the same type of lining.  
Type of linings found in the canals included plastic, concrete, and earthen (the most common, by 
far). 
 
Preferred Characteristics of a Channel Cross Section 
 
Two aspects were evaluated to select proper cross sections: safety and the ISO 
748:2007(E) and Unites States Geological Survey considerations: 
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Safety: The sections must be located in the most accessible places (trying to avoid 
crossing private property), with no dangerous animals and were the velocity and depth of water 
let the surveyor stand safely into the channel. 
ISO 748:2007(E) and USGS considerations: 
- Steady flow: The water level in the upstream and downstream section of the reach and 
water level in inflows and outflows were marked and observed to remain constant during the 
entire test in order to ensure the steady flow conditions.  In cases in which the flow varied, the 
measurement was ruled out. 
- Straight channel: The straightest canal was taken to locate the upstream and 
downstream cross sections, and when only short straight length was present the measurement 
was done in the third most downstream section. 
- Avoid vortices, reverse flow or dead water: Stagnant water and vortices must be avoided; 
however, when not possible (usually in wall vegetated canals), the flow meter was used to 
ascertain the boundary location between the dead and flowing water. 
- No obstructions in cross section: Some sections were set up by moving some obstruction 
from the bottoms (rocks, vegetation) and from the surface (braches, debris, vegetation). 
- Parallel flow direction in the verticals and right angle with cross section.  The position of 
the rod remained constant for all vertical velocity measured and perpendicular to the tag line.  
The location of the tag line was carefully adjusted to be as perpendicular as possible to the flow, 
subsequently the flow angle given by the flow meter was observed to be close to cero or at least 
lesser than 20o (maximum angle suggested by the United States Geological Survey 2007), when 
greater angles were found the section was changed. 
- Regular distribution of the velocity: the removal of the obstructions improves the regular 
distribution of the velocity, in some places the temporal removal of some animals (mainly ducks) 
was required to avoid the disturbance of the flow.  Also prismatic sections were preferred when 
available, but in natural canals the longest length with similar cross section was selected. 
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Over the preliminary reaches selection based on a map and the posterior field inspection, 
a total of 39 reaches were selected.  Table 7 shows the number of selected reaches per canal,  
Figures 6 and 7 show the selected reaches in the Logan Irrigation System and in the Nibley-
Blacksmith Fork canal, respectively.  It is important to highlight that the location of some cross 
sections slightly varied due to variation of the cross section characteristic (such as growth of 
vegetation, accumulation of rocks, or operation of gates) during the irrigation season.  Appendix B 
shows a brief description of the selected reaches and their photographs. 
 
Table 7. Selected Reaches to Measure Seepage 
Canal Number of Reaches 
Blacksmith Fork river 
 Nibley-Blacksmith Fork canal 3 
Logan River 
Hyde Park and Smithfield canal 7 
Logan Northern canal 5 
Hyde Park and Logan Northfield canal 3 
Benson Irrigation canal 6 
Logan Northwest Field canal 7 
Crocket canal (ex 8th Ward canal) 2 
Logan Island canal 1 
Southwest Field canal 2 
Cow Pasture canal 2 
Providence Logan canal 1 
Total: 39 
 
Field Work Description 
The field work was done from June to October 2008, the discharge in upstream and 
downstream cross sections, and inflows and outflows affecting the reach were measured during 
this period. Activities done in the field were: monitoring of water level, reach and cross section 
selection, and measurement of velocities. 
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Fig. 6. Selected reaches in the Logan river irrigation system  
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Fig. 7. Selected reaches in the Nibley-Blacksmith Fork canal 
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Monitoring Water Level in Cross Sections 
Once on the field, water level marks were located in preliminary upstream and 
downstream cross sections in order to observe if the water depth varies.  During the inspection 
water level mark was put also in inflows and outflows along the reach.  Measurement was done 
while the water depth remained constant; otherwise the field work at this canal was stopped 
(because unsteady flow conditions were detected). 
 
Reach and Cross-Section Selection 
Based on preliminary selection, the inflow and outflows (gates, pipes, pumps, etc) were 
located and evaluated to know if measurement with the available equipments were possible, 
otherwise the reach length was reduced or left.  Nevertheless, repeated visits were done in 
reaches that presented high number of open outlets and inlets at the moment of the survey, until 
few operating inlets and outlets were found. 
Verification if inflows and outflows were opened was done as following: 
- By inspection of the flow in the diverted canal.  When diverted canal was not accessible 
the elevation of the rod of metallic gates and flow coming in or out were carefully observed, and 
sometimes it was required to touch submerged gates to identify if they were operating. 
- Determining direction and value of the flow velocity: When it was not visible if submerged 
gates or pipes were working (some were opened but not taking or adding water) the flow meter 
probe was put inside the gate or pipe and the direction and velocity of the flow was obtained, it 
permitted to know if some water was added or diverted (See Chapter V for further detail). 
Once the reach was selected, the cross sections (upstream and downstream) 
characteristics were evaluated.  In order to get the most appropriate cross section, some 
adjustments were done, such as obstructions removal (rocks, rods, debris, vegetation and ducks) 
and branches removal (to ensure enough space for the flow meter operation).  The location of 
some sections was only possible in slightly curve channels (e.g. US and DS S1 cross section in 
Logan Northern canal and DS S1 in Crockett canal), in this places it was ensured that the flow 
angle were close to cero or at least not greater than 20o as recommended in the literature (United 
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States Geological Survey 2007).  Once the cross section was ready, the measuring tape was 
located across the canal, perpendicular to the direction of the flow. 
 
Velocity Measurement 
The number of verticals per section was determined in the field, taking into account the 
canal width, the uniformity of the canal bottom, eddies, the available time to develop the 
measurement and the recommendation of the ISO 748.2007 (E) when possible.  For example, in 
cross sections measured the number of verticals varied from 7 to 27 (see Appendix C for further 
detail) and the common distant between verticals varied from 0.2 m to 0.5 m. Also, the one-point 
method was used when water depth was around 0.45 m or less, otherwise the two or three-point 
method was used.  Also the two-point method was used in cross sections with surrounded bottom 
vegetation or irregular bottom channel.  Once set up the location of the probe at the desired point, 
the velocity was measured in discharge mode (current meter option) by exposing the current 
meter during 30 seconds in every point along the vertical. 
The SNR value, standard error of velocity, spikes and flow angle were monitored during 
the velocity measurement in order to observe if debris, eddies, lack of perpendicularity or lack of 
particles in water affected the performed measurement.  Also, it was observed that the mentioned 
parameters were under the values suggested by United States Geological Survey (2007).  
However, in some verticals the maximum recommended section discharge (10%) was exceeded 
even though a large number of verticals were used, and a greater number of verticals could not 
be applied due to time constraints. 
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CHAPTER IV 
 
RESULTS 
 
Estimated Seepage in Each of the Canals 
A total of One Hundred Seventy One (171) cross section measurements were done to 
estimate the seepage in the Thirty Nine (39) reaches along Ten (10) canals in the Logan river 
irrigation system and one canal in the Blacksmith Fork River irrigation system.  The seepage in 
each reach was computed using Eq. 3 (where evaporation was assumed to be negligible), and it 
was expressed in lps/100 m of canal.  The resultant average seepage in each reach is shown in 
Table 8 and Appendix C shows the measured discharges obtained in each of the cross sections.    
Additionally, positive values of seepage mean losses from the channel, and negative values 
mean a net seepage inflow of water into the reach. 
Due to time limitations and other limiting factors, measurements could not be done in a 
single month for all the eleven canals under evaluation. Twenty Eight (28) reaches in Five (5) 
canals had measurements taken in the month of August, Four (4) reaches in Three (3) canals 
had measurements taken towards the end of July and beginning of August, and Three (3) canals 
(Nibley-Blacksmith Fork canal, Logan Island canal, Cow Pasture canal) could not be measured in 
August.  Hence, August was selected as the month for comparing the eight canals on a month 
basis, and for the Three (3) canals that did not have readings for all the reaches in the month of 
August, the readings towards the end of July (July 26 and 28) were considered as the 
measurements for the August month. This is done just to illustrate the variation of the seepage for 
a particular month (August). 
 
 
Nibley Blacksmith Fork Irrigation Canal 
Measurements were taken on July 19, 2008, in three reaches along this canal, and the 
data and calculations are shown in Table C3.  The measured reaches were earthen canals with 
non-prismatic sections, the measured top width varied from 6.02 to 2.9 m, the mean water depth 
varied from 0.498 to 0.276 m, and the average velocity varied from 0.51 to 0.89 m/s.   
Cover 
number 
32 
 
Table 8. Estimated Average Seepage  
Canal Reaches 
Estimated seepage (lps/100 m) 
Jun Jul Aug Sep Oct 
Black Smith Fork River 
Nibley-Blacksmith Fork canal 
S1 
 
7.03 
   
S2 
 
8.65 
   S3 
 
-5.02 
   
Logan River 
Hyde Park and Smithfield canal 
S1 
8.99 
12.40 11.33 
 11.49 S2 10.12 16.48 
 S3 6.14 11.81 
 
S4 5.95 
 
3.53 
 
2.10 
S5 
  
9.04 
  
S6 
  
10.00 
  
S7 
  
6.84 
  
Logan Northern canal 
S1 2.52 9.37 12.75 
 
3.55 
S2 
  
11.29 
  
S3 
  
2.88 
  
S4 
  
2.64 
  
S5 
  
1.09 
  
Hyde Park and Logan Northfield 
canal 
S1 
 
2.44 7.10 
 
0.86 
S2 
  
5.96 
  
S3 
  
-0.01 
  
Logan Northwest Field canal 
S1 21.58 20.15 16.52 
 
3.63 
S2 1.51 1.79 1.94 
 
5.97 
S3 
 
2.50 5.46 
  
S4 
 
0.76 -2.65 
  
S5 
 
-3.51 1.20 
  
S6 
 
-1.30 3.23 
 
Benson Irrigation canal 
S1 -2.30   5.01* 
 
3.88 
S2 
    
-2.13 
S3 
  
0.01 
 
-4.63 
S4 1.36 
 
1.77* 0.87 
 
S5 
  
2.75 
  
S6 
  
0.41 
  
Crocket canal  S1 7.53 -13.21 -3.79  -1.72 S2 
 
6.02 16.70 
 
0.19 
Cow Pasture canal S1 1.72  3.21   S2 
  
0.49* 
  
Southwest Field canal S1 1.63  1.95   S2 
  
1.66* 
  
Providence Logan canal S1 1.76 
    
Logan Island canal S1 
   
4.90 
 
      * Measurements in these reaches were made towards the end of July 
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Figure 8 shows an example of a measured cross section, and Fig. 9 shows the values of 
mean seepage estimated in each section.  From Fig. 9 it can be observed that in July the first two 
sections of this canal presented seepage losses and the third section manifested a seepage gain. 
 
 
 
Fig. 8. Example of a measured cross section in the Nibley-Blacksmith Fork irrigation canal 
 
 
  
Fig. 9. Estimated mean seepage in three reaches of the Nibley-Blacksmith Fork irrigation canal in 
July 2008 
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Hyde Park and Smithfield Irrigation Canal 
Seven reaches were selected along this canal.  These reaches were measured 
consecutively on August 7, 10 and 11, 2008; the obtained data and calculations are shown in 
Table C2.  The two first reaches and partially the third reach are built over rock with a concrete 
lining in the left side, the remainder reaches were earthen canals.  All the measured sections 
were non-prismatic, with significant amounts of aquatic vegetation in the bottom of the S7 reach.  
The measured top width varied from 2.43 to 6.88 m, the mean depth varied from 0.39 to 0.56 m, 
and the average velocity varied from 0.33 to 1.28 m/s.  Figure 10 shows examples of measured 
cross section, and Fig. 11 shows the values of mean estimated seepage on August for each 
reach. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10. Example of measured cross sections in the Hyde Park and Smithfield irrigation canal 
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Fig. 11. Estimated mean seepage along the Hyde Park and Smithfield irrigation canal in August 
2008 
 
From Fig. 11 it can be observed that in August the canal presented seepage losses.  The 
seepage rate values were higher in reach S2 and a minimum in S4; however, in general the 
seepage shows a slightly decreasing trend in the downstream direction along this canal. 
Also, some repeated measurements were done in reach S4 and the composite reach 
with S1, S2, and S3.  Figure 12 shows the monthly estimated average seepage rate for the 
composite reach which includes S1, S2, and S3.  From Fig. 12 the monthly variation in the 
estimated seepage can be observed, increasing gradually from June to August, and then 
decreasing in October.  Figure 13 shows the monthly variation of the estimated seepage in reach 
S4, in which the seepage decreased monotonically from June to October. 
 
 
11.33
16.48
11.81
3.53
9.04
10.00
6.84
0
5
10
15
20
25
S1 S2 S3 S4 S5 S6 S7
Se
ep
a
ge
 
(lp
s/
10
0 
m
)
Reach canal
36 
 
Fig. 12. Monthly variation of seepage in overall sections S1, S2, S3 in the Hyde Park and 
Smithfield irrigation canal 
 
 
 
 
Fig. 13. Monthly variation of seepage in S4 in the Hyde Park and Smithfield irrigation canal 
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Logan Northern Irrigation Canal 
Five reaches were selected along this canal.  The five reaches were measured 
consecutively during August 16 and 17, 2008; the obtained data and calculations are shown in 
Table C3.  The first section was earthen and concrete lined channel that passes along a steep 
mountainside (adjacent to the Canyon road.), some leaks were observed beside the earthen part 
of this reach.  Between reaches S1 and S2 there were springs that divert water into the canal.  
Reach S2 was a rectangular concrete canal that passes along a steep mountainside (adjacent to 
Canyon road).  The remaining sections are non-prismatic earthen canals, in which the top width 
of the measured sections varied from 3.10 to 5.86 m, the mean depth varied from 0.40 to 0.82 m, 
and the average velocity varied from 0.2 to 0.6 m/s.  Figure 14 shows example of sections 
measured in concrete lined reaches and in earthen reaches, and Fig. 15 shows values of mean 
seepage estimated in August for each section. 
 
a)                  
 
 
 
 
 
b)        
 
 
 
 
 
Fig. 14. Example of section measured at concrete (a) and earthen (b) lined section in the Logan 
Northern irrigation canal 
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Fig. 15. Estimated seepage along the Logan Northern irrigation canal in August 2008 
 
From Fig. 15 it can be observed that in August the canal presented seepage losses that 
gradually decreased as the sections goes downstream.  Reaches S1 and S2 (located on a steep 
mountainside) presented higher average seepage rates than reaches S3, S4 and S5.  Also, some 
repeated measurements were done in reach S1.  Figure 16 shows the monthly estimated mean 
seepage in reach S1, from which it can be observed that the seepage increased gradually from 
June to August, and then decreased in October. 
 
Hyde Park and Logan Northfield Irrigation Canal 
Three reaches were selected along this canal.  Consecutive measurements were made 
in those reaches during August 18 and 19, 2008, and the data and calculations are shown in 
Table C4.  The reaches were non-prismatic earthen canals, and in the reach S2 two parallels 
canals were measured.  The top width of the measured sections varied from 0.75 to 4.48 m, 
mean depth varied from 0.23 to 0.62 m and average velocity varied from 0.2 to 0.62 m/s.  Figure 
17 shows an example of a measured section in this canal, and Fig. 18 shows the values of mean 
seepage estimated in August for each section. 
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Fig. 16. Monthly variation of estimated mean seepage in reach S1 in the Logan Northern 
irrigation canal 
 
 
 
 
Fig. 17. Example of measured cross section in the Hyde Park and Logan Northfield irrigation 
canal 
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Fig. 18. Estimated mean seepage along the Hyde Park and Logan Northfield irrigation canal in 
August 2008 
 
From Fig. 18 it can be observed that in August the reaches presented seepage losses 
that gradually decrease in the downstream direction, and in the last section the loss was almost 
zero.  Also, repeated measurements were made in reach S1.  Figure 19 shows the monthly 
estimated mean seepage in reach S1, from which it can be observed that the seepage increased 
gradually from July to August, and then decreased in October. 
 
Crocket Irrigation Canal (formerly the 8th Ward Canal) 
Two reaches were selected along this canal.  The two reaches were measured 
consecutively on July 8, 14 and 27, August 21 and 22 and October 1 and 19, 2008; the obtained 
data and calculations are shown in Table C5.  The measured reaches were non-prismatic earthen 
canals.  The reach S1 was located in an earthen bottom channel with concrete lined left wall and 
passed along a steep mountainside (Canyon road) with no visible presence of springs. Also, the 
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water master explained that some parts in the reach S1 presented seepage losses affecting the 
road; therefore, the ponding method was used to determine the precise location of the leak and at 
the moment of the present study the leak was already sealed..  In the reach S2 is possible to 
observe water flowing from the ground just beside the canal.  The top width of the measured 
sections varied from 3.69 to 7.85 m, mean depth varied from 0.37 to 0.6 m and average velocity 
varied from 0.31 to 0.77 m/s.  Figure 20 shows an example of measured cross section, and Fig. 
21 shows the values of mean seepage estimated in July, August, and October at each section.  
Seepage in the reach S1 was also measured in June, and Fig. 22 shows the variation of 
estimated mean seepage from June to October for this reach.  Figure 23 shows the temporal 
variation for the estimated mean seepage at reach S2. 
From Figs. 21, 22, and 23 it can be observed that the seepage varied spatially and 
temporally in the two measured reaches.  The reach S1 presented seepage losses in June and 
from July to October presented decreasing net seepage gains.  Tammali (2005) reported that this 
canal had seepage loss affecting the road and so the measured seepage gain in this canal was 
not expected. The reach was carefully inspected by walking inside the canal to determine any 
inflows from pipes or springs.  From this inspection it was concluded that there were no pipes or 
springs along this reach, which were in agreement with previous studies and the water-master 
(Tammali, 2005).  The possible reason for this conflicting observation could be the recent repair 
work performed after the study was undertaken.  It was not possible to visibly determine any 
inflows, i.e., inflows through the wetter perimeter.  This implies that there were seepage gains at 
the time of the previous study, but were negligible in comparison to the seepage losses prior to 
the repair work, hence net seepage was accounted as seepage loss and not as a gain.  
Additionally, in order to confirm the obtained seepage value, repeated measurements were done 
in July 14 and 27, using different cross sections for the reach S1 and in both measurements 
gainings were again obtained. 
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Fig. 19. Monthly variation of mean seepage in reach S1 in the Hyde Park and Logan Northfield 
irrigation canal 
 
 
 
 
 
 
Fig. 20. Example of measured cross section in the Crocket irrigation canal 
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Fig. 21. Estimated mean seepage along the Crocket irrigation canal 
 
 
 
Fig. 22. Monthly variation of seepage in S1 in the Crocket irrigation canal 
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Fig. 23. Monthly variation of mean seepage in S2 in the Crocket irrigation canal 
 
In Fig. 22, it can be observed that reach S1 manifested losses in June and then switched 
to decreasing gains in July, August, and October.  From Fig. 23 it can be observed that the reach 
S2 presented increasing seepage losses from July to August and then decreased in October to 
almost zero. 
 
Logan Northwest Field Irrigation Canal 
Six reaches were selected along this canal.  These reaches were measured 
consecutively on July 1, 2, 4, 13, and August 23 and 24, 2008; the obtained data and calculations 
are shown in Table C6.  The measured sections were non-prismatic earthen canals.  The top 
width of the measured sections varied from 1.41 to 5 m, mean depth varied from 0.22 to 0.74 m 
and average velocity varied from 0.16 to 0.94 m/s.  Figure 24 shows an example of a measured 
cross section, and Fig. 25 shows the values of mean seepage estimated in July and August at 
each section. 
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Fig. 24. Example of a measured cross section in the Logan Northwest Field irrigation canal 
 
 
 
 
Fig. 25. Estimated mean seepage along the Logan Northwest Field irrigation canal in July and 
August of 2008 
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From Fig. 25 it can be observed that in July the reaches S1, S3 and S4 presented 
decreasing seepage losses and the reaches S5 and S6 presented decreasing gaining.  Here it is 
interesting to highlight that the reach S1 in Benson canal (continuation of the Logan Northwest 
Field canal) was measured 10 days before (June 23) and presented gaining too (Fig. 30).  In 
August the reaches S1 and S3 presented decreasing seepage losses, the reach S4 presented 
gaining while reaches S5 and S6 presented increasing losses.  Towards the end of July the reach 
S1 in the Benson canal also presented seepage losses (Fig. 29). 
Additionally, the water master of the Logan Northwest Field canal requested the seepage 
measurement of the canal between the broad crested weir and the intersection 100N 400W, 
because three surrounded houses reported water infiltration into basements.  This request was 
accomplished with repeated measurements of reaches S1 and S2. Reaches S1 and S2 were 
measured in June (with assistance of the water master Mr. Dan Weber), July, August and 
October.  Temporal seepage variation in reaches S1 and S2 are observed in Fig. 26 and Fig. 27, 
in which it is seen that the seepage losses in reach S1 decreased from June to October, while 
seepage in reach S2 increased from June to October.  Also, from Figs. 25 and 26 it can be 
observed that the reach S1 presented the highest seepage losses which decreased gradually 
from June to October. 
 
Benson Irrigation Canal 
Six reaches were selected along this canal.  These reaches were measured 
consecutively from July 28, August 1 and 6, 2008. The obtained data and calculations are shown 
in Table C7.  The reaches S1, S2, S3, S4 and S5 were non-prismatic earthen canals and S6 was 
a trapezoidal concrete lined canal that presented many cracks (see Fig. B107).  Additionally, is 
important to say that around the reach S3 stagnant water and abundant tall natural aquatic grass-
like vegetation was observed beside the canal and in the surroundings.  In the earthen section 
the top width varied from 3.15 to 3.9 m, mean depth varied from 0.23 to 0.66 m and average 
velocity varied from 0.16 to 0.62 m/s, and in the concrete section the side slope was  
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Fig. 26. Monthly variation of seepage in reach S1 in the Logan Northwest Field irrigation canal 
 
 
 
Fig. 27. Monthly variation of seepage in reach S2 in the Logan Northwest Field irrigation canal 
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approximately 1:1.5 (estimated), the bottom width was 0.6 m and the mean depth at the moment 
of the measurement was 0.3.  Figure 28 shows an example of earthen and concrete-lined cross 
sections measured and Fig. 29 shows the values of mean seepage estimated towards the end of 
July and August at each section. 
 
 
a)       
 
 
 
 
 
b) 
 
 
 
 
 
Fig. 28. Example of earthen (a), and concrete (b), cross sections measured in the Benson 
irrigation canal 
 
 
From Fig. 29 it can be observed that between the end of July and August the canal 
presented seepage losses, which varied between sections.  The first section presented the 
highest seepage losses in comparison with the other sections, and reach S3 (surrounded by 
ponded water) presented the lowest losses.  Also, seepage losses were observed in reach S6 (a 
concrete-lined reach). 
Reaches S1, S3 and S4 were measured in different months.  Figure
seepage variation in reach S1, thus in June it 
losses from end of July 
low seepage losses in August and 
observed that reach S4 presented
 
 
* Measurements in these reaches were made towards the end of July
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* Measurements was made towards the end of July (July 28, 2008) 
Fig. 30. Monthly variation of seepage in reach S1 of the Benson irrigation canal 
 
 
 
Fig. 31. Monthly variation of mean seepage in reach S3 in Benson irrigation canal 
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* Measurements was made towards the end of July (July 28, 2008) 
Fig. 32. Monthly variation of mean seepage in reach S4 of the Benson irrigation canal 
 
 
Cow Pasture Irrigation Canal 
Two reaches were selected along this canal.  These reaches were measured 
consecutively on July 26 and August 6, 2008, the obtained data and calculations are shown in 
Table C8.  The reaches were non-prismatic earthen canals.  The top width of the measured 
sections varied from 1.15 to 1.93 m, mean depth varied from 0.19 to 0.37 m and average velocity 
varied from 0.22 to 0.52 m/s.  Figure 33 shows an example of a measured cross section, and Fig. 
34 shows the values of mean seepage estimated in August for each section. 
From Fig. 34 it can be observed that the canal presented higher seepage losses in reach 
S1 than in reach S2.  Also, from Fig. 35 it is observed that seepage estimated in August was 
greater than seepage in June. 
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Fig. 33. Example of measured cross section in the Cow Pasture irrigation canal 
 
 
 
* Measurements in this reach was made towards the end of July (July 26, 2008) 
Fig. 34. Estimated mean seepage along the Cow Pasture irrigation canal in August 2008 
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 Fig. 35. Monthly variation of mean seepage in reach S1 in the Cow Pasture irrigation canal 
 
 
 
Southwest Field Irrigation Canal 
Two reaches were selected along this canal.  Seepage in these reaches was measured 
consecutively on July 26 and August 6, 2008.  The data and calculations are shown in Table C10.  
These sections were non-prismatic earthen canals.  The top width of the measured sections 
varied from 3.65 to 3.9 m, the mean depth varied from 0.18 to 0.44 m, and the average velocity 
varied from 0.22 to 0.63 m/s.  Figure 36 shows an example of a cross section measured and Fig. 
37 shows the values of mean seepage estimated between the end of July and August for each 
section. 
From Fig. 37 it can be observed that the seepage in the upstream reach S1 was slightly 
higher than the seepage losses in the downstream section.  Reach S1 was measured twice: once 
in June and again in August.  From Fig. 38, it is seen that reach S1 presented higher mean 
seepage losses in August than in June. 
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Fig. 36. Example of measured cross section in the Southwest Field irrigation canal 
 
 
 
 
* Measurements in this reach was made towards the end of July (July 26, 2008) 
Fig. 37. Estimated mean seepage along the Southwest Field irrigation canal in August 2008 
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Fig. 38. Monthly variation of mean seepage in reach S1 in the Southwest Field irrigation canal 
 
 
Logan Island Irrigation Canal 
One reach was selected in this canal and was measured on September 8, 2008, the 
obtained data and calculations are shown in Table C9.  The measured section was an earthen 
canal, with a non-prismatic section, whose measured top width varied from 2.28 to 6.85 m, the 
mean depth varied from 0.16 to 0.18 m, and the average velocity varied from 0.24 to 0.73 m/s.  
Figure 39 shows an example of a cross section measured in this canal, and Fig. 40 shows the 
value of mean seepage estimated for this section. 
 
Providence Logan Irrigation Canal 
One section was selected in this canal and was measured on June 20, 2008; the 
obtained data and calculations are shown in Table C11.  The measured section was an earthen 
canal with a non-prismatic section, whose top width was 2.25 m, mean depth was 0.24 m, and 
the average velocity was approximately 0.25 m/s.  Figure 41 shows an example of a measured 
cross section, and Fig. 42 shows the mean seepage estimated for this section. 
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Fig. 39. Example of a cross section measured in the Logan Island irrigation canal 
 
 
 
 
Fig. 40. Estimated mean seepage along the Logan Island irrigation canal in September 2008 
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Fig. 41. Example of a cross section measured in the Providence Logan irrigation canal 
 
 
 
 
 
Fig. 42. Estimated mean seepage along the Providence Logan irrigation canal in June 2008 
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Comparison of estimated seepage in eight canals on a month basis 
Comparison of the canals in a particular month is desired to show the spatial seepage 
behavior in the irrigation system area. August was taken as a month of comparison which also 
includes 4 reaches measured toward the end of July (see further details at the beginning of this 
chapter). Figure 43 shows the Logan irrigation canals, the measured sections and the estimated 
mean seepage (represented by bars) for the month of comparison.  As observed in Fig. 43, 
seepage shows spatial variation along all the canals.  Seepage losses in the east part of the city 
are higher than seepage on the west side.  Moreover, in the west there are both, losing and 
gaining streams.  Also, reaches close to the Logan River presented higher seepage loss than 
reaches located further downstream in the canal. 
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*Measurements in these reaches were made towards the end of July. 
Fig. 43. Estimated mean seepage in August 2008 for the Logan irrigation canals 
* 
* 
* 
* 
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CHAPTER V 
 
DISCUSSION 
 
 
Observed Seepage Behavior 
From the results it can be observed that in the evaluated reaches the seepage presented 
spatial and temporal variation.  Most of the canals showed a descending trend in the mean 
seepage losses as the reaches go downstream.  Thus, the upstream reaches presented higher 
seepage losses than the downstream reaches, and in some canals (Crocket, Logan Northwest 
Field, Benson and Nibley) gaining was present.  
Also, from the comparison on a monthly basis for the Logan irrigation system, the 
reaches measured in late July and August exhibited spatial seepage rate variation as canals 
move from the east to the west part of the city.  In this sense the sections in Hyde Park and 
Smithfield canal shows higher seepage losses than sections at Logan Northern canal and in turn 
the Logan Northern canal shows higher seepage rates than Hyde Park and Logan Northfield 
canal as well this canal has slightly higher seepage than the Logan Northwest Field canal which 
presented losses and gaining streams.  
With respect to the temporal variation within a reach, 12 of the 17 reaches exhibited 
highest seepage loss value in late July and August (except S2 in Hyde Park and Smithfield canal, 
S1 in the Crocket canal, and S1, S2, and S4 in the Logan Northwest Field canal).  
The canal sections that presented the highest seepage losses are: 
- Hyde Park and Smithfield canal at reaches S1, S2, and S3 (along the Canyon road) with 
at total (for the 3 reaches) of 13.6 lps/100 m in August. 
- Logan Northern canal at reaches S1 and S2 (along the Canyon road) with 12.75 and 11.3 
lps/100 m in August 
- Crocket canal, at reach S2 with 16.7 lps/100 m in August. 
- Logan Northwest Field canal at reach S1 with 21.6 lps/100 m in June. 
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In the S1, S2, and S3 reaches of Hyde Park and Smithfield canal, S1 and S2 reaches of 
the Logan Northern canal was observed flowing water beside the canal.  Likewise, it was reported 
infiltration of water in basements close to reach S1 in Logan Northwest canal.  Further studies are 
required to know if the observed water come as part of the seepage losses in these reaches and 
to know the precise location of the leakage if any. 
The highest seepage gaining was measured in the reach S1 in the Crocket canal with 
13.21 lps/100 m in July while the remaining sections were less than 5 lps/100 m.  Also, an 
interchange between gaining and losses was observed at S1 in Crocket canal and at the 
consecutive reaches S4, S5, S6 in Logan Northwest canal and in S1 in Benson that switched 
from gaining to losses.  
Using GIS from the Natural Resources Conservation Service (source SSURGO 
http://soils.usda.gov/ 2008) and the State of Utah - GIS division (source http://gis.utah.gov/ 2008) 
maps were overlayed with the canals in order to contrast and observe patrons in the seepage 
behavior.  The studied canal reaches were superposed with a contour level (Fig. D1), geologic 
faults (Fig. D2), shallow groundwater (Fig. D3), wetlands (Fig. D4), type of soil (Fig. D5) and 
saturated hydraulic conductivity maps (Fig. D6), and those maps are shown in Appendix D. 
From the superposition of maps it was observed that the Logan and Blacksmith Fork 
irrigation systems are surrounded by agricultural areas that provide recharge to the aquifer.  The 
higher topographic level is located in the east part toward the mountains and the lower 
topographic level is located in the west part of Logan and Nibley, in which shallow ground water 
area is observed. This shallow groundwater zone might be variable due to recharges coming from 
spring runoff and irrigation water. High permeable soils are located close to the mountains and 
around the Logan and Blacksmith Fork rivers.  Geological faults are observed crossing reach S3 
at the Hyde Park and Smithfield canals; however, no extraordinary seepage was found in this 
section. 
Reaches S1, S2 at Hyde Park and Smithfield canal located in the hillside of the 
mountains over natural rock, presented high seepage losses, most likely driven by the 
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permeability of interstices (cracks and joints) in the rock.  A seepage face was also observed in 
the hillside and this probably comes from the canal. 
It is observed that reaches with highest seepage (S3 at Hyde Park and Smithfield canal, 
S1 and S2 at Hyde Park and Logan Northern, S1 at Crocket canal) are located in gravelly loam 
soils, which also correspond to areas with highest saturated hydraulic conductivity, steep slopes, 
far away from the shallow ground water and consequently far away from wetlands.  In contrast 
reaches with lowest seepage (S4, S5, S6 at Logan Northwest Field canal, S3 at Hyde Park and 
Logan Northfield, and S1, S2, S3, S4 at Benson canal) are located in silty clay and silty clay loam 
soils (clay content in this areas is around 32 – 52%), with low permeability, in shallow ground 
water area and with very mild slope.  Remaining reaches are located mainly silt loam and loam 
soils with intermediate permeability.  
An exception of the previous reaches are the reaches S1 at Logan Northwest Field canal 
and S2 at Crocket canal, both are located in shallow groundwater area but presented high 
seepage loss. Information of soils in this reaches is very broad to help understanding what could 
be the driven forces of the high seepage located in this areas, however, some main differences 
observed between these reaches and other reaches in shallow groundwater are: the soil is 
gravelly loam (same type of soil of reaches with the highest seepage), high hydraulic conductivity, 
and reaches are located in the top of steep slope terrains close to the Logan river. It can be 
presumed that the high seepage might be driven due to the water seeps through a high 
permeable soil, maybe interacting with the shallow ground water, whose underground flow 
direction may be affected by the topographical position and by the interaction with the Logan 
river, a natural drainage. 
In contrast, Nibley Blacksmith Fork canal is located in gravelly loam soil (same type of 
soil of reaches with the highest seepage), surrounded by some wetland, the terrain in the area is 
not as steep as the area with reaches with highest seepage. The reaches in this canal have a 
relative high seepage loss but lesser than other reaches in the same type of soil, and the most 
downstream reach (S3) presented gaining. The different behavior might be due to the 
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topography, possible influence of the ground-water table, wetlands, and conveyance properties of 
this canal. 
In the Crocket canal it was observed that reach S1 presented gaining-losing stream with 
the highest gaining in comparison with other gaining streams. This reach is located in gravelly 
loam soil (same type of soil of reaches with the highest seepage), with high hydraulic 
conductivity, in the bottom part of a steep slope in the Logan Canyon with no visual presence of 
spring. This gaining may be a response of ground water recharge coming from irrigated areas in 
the upper part of the canyon. 
Also, it is observed that reaches at the Logan Northwest Field, Benson, Cow Pasture, 
Southwest Field and the reach S3 at Logan and Northfield canal are located in the shallow 
groundwater region and surrounded by wetlands, it is highly possible that gaining-losing streams 
might be present in this area.  In fact, in the present study some reaches in this area were found 
to have gaining and gaining-losing behavior (e.g. S4, S5, S6 at Logan Northwest Field, S1 and 
S3 in Benson, S3 in Hyde Park and Logan Northfield). Variation of seepage in these streams may 
be seasonal and highly dependent on the shallow groundwater table behavior and local 
underground water pathways. 
Additionally, it was observed that the sealing of bottom and wall of the earthen canals 
changed along the canal and during the irrigation season. Thus, at the head of the canals usually 
the bottom was somewhat stony while downstream accumulation of sediments and growth of 
plants was observed, also in different months this coat had modifications, in some areas the 
sediments where removed (apparently due to higher flows in the canals), plants growth and 
removal; consequently the permeability of the bottom and wall of the canals might be highly 
variant along the canal and also during the irrigation season, and may differ from representative 
values given by map of soils. 
Although a kind of patron between the canal seepage estimated and the type of soil, 
shallow groundwater and topography is observed, the previous approach to understand seepage 
behavior in the studied reaches suffer the lack of knowledge of the real condition of the factors 
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presented in the canal (e.g. groundwater table, permeability, wetted perimeter, etc. are 
unknowns) and makes inaccurate a simple extrapolation of the seepage observed in the reaches 
to the whole canals. In fact, according to the United States Geological Survey (1977) to 
extrapolate measured seepage to the influenced area is necessary to know the next information: 
soil types, conveyance properties (mean flow, wetted perimeter and slope), and geo-hydrologic 
settings, referred to the water table position in relation with the canal. 
Deeming the lack of knowledge of those factors, and considering that some observed 
factors (such as channel surface sealing, vegetation wetted perimeter, depth of water, etc.) varied 
into the same reach in time and space, the found losses should be understood as the seepage for 
the punctual reach under the given conditions during the performed measurement.  In this sense 
the present report presents in the Appendix B descriptive information of the reaches and cross 
sections evaluated and in the Appendix C the quantitative information of the conditions found at 
the moment of the measurement (such as temperature of the water, discharges measured, 
perimeter, mean water depth, etc).  Consequently, further studies are required to understand 
canal seepage behavior in Cache valley, and further information about the behavior of factors 
affecting canal seepage is required in order to extrapolate the measured seepage to others 
reaches into the canal.  
Also, the reaches were selected based on the criteria stated in the present report, and 
selection of representative reaches based on type of soil, soil hydraulic conductivity, slope, 
surface sealing, groundwater table depth, geological faults, sealing channel bottom material, 
slope, and other factors affecting seepage, was not affordable under the used methodology since 
the length of the reach and the accessibility was compromised. 
 
Equipment Performance 
During the execution of the present project, the FlowTracker® ADV® was used to 
measure flow velocities and obtain discharge estimation. As result, this instrument was used in 
widely variant conditions, and its performance for the present project is briefly explained following. 
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Reversed Orientation of the FlowTracker® ADV® Probe 
Measurements close to edge can be done using the FlowTracker® ADV® probe reversed 
180°. Using this position the flow meter will provide a negative X-velocity and it must be corrected 
using a Correction Factor equal to -1. 
Some measurements in Hyde Park and Smithfield canal were done using the probe in 
reversed orientation.  It was found that downstream cross sections measured with the reversed 
probe gave higher discharge than upstream cross sections measured using the probe in the 
normal orientation.  Two comparisons in two different cross sections were done in order to 
determine if the results were products of a gaining stream or a consequence of the use of the flow 
meter in reversed orientation.  During the comparison steady flow was observed and the 
measurements were done at the same verticals along the tag line.  Figure 44 and 45 show the 
comparison of the measured velocities.  From those figures it can be observed that velocities 
measured using reversed probe were slightly greater than velocities using probe in normal 
orientation, and as consequence the discharge using the reversed probe was around 6.65% more 
than the discharge measured using the probe in normal position.  For this reason the reversed 
probe was not used since this divergence in discharge is significant for the seepage 
measurement performed.  Additionally a paired t-test was performed in order to know if the 
overestimation is statistically supported.  From the statistical test performed (Appendix E) it is 
concluded that effectively the measured velocities with a reversed probe were greater than 
velocities using the probe in normal position. 
This overestimation in the use of the reversed probe in contrast with the normal 
orientation was observed in the field; however, further research under controlled conditions in a 
hydraulic laboratory is suggested prior to generalize the observed pattern. 
 
Measure in Low Water Depth with Low Velocities 
Some outlet gates located in Logan city diverted water through curbs, in which the depths 
were as low as 8 cm.  Also, some small pipes diverted very low velocity flows (such as 0.05 m/s 
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in inflow pipe in the intersection of Logan Northern canal and 1400 N).  In these situations the 
FlowTracker® ADV® was useful to determine these discharges. 
 
 
Fig. 44. Velocity comparison between reversed and non reversed probe in the Hyde Park and 
Smithfield irrigation canal 
 
 
 
 
Fig. 45. Velocity comparison between reversed and non reversed probe in Logan Northern 
irrigation canal 
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Measure Under Low SNR 
During the velocity measurement in the reach S6 of the Benson canal low SNR was 
detected.  At the moment of the measurement the aspect of the water was a kind of moody, with 
visible particles floating into the water.  However, SNR values such as 10.6 dB at the beginning 
and 0 dB at the end of this section was found.  The SNR was increased once a person walked 
upstream into the canal and it was seen that the mean velocity at the most downstream cross 
section was around 0.09 m/s.  This situation might be due to the lack of mixing (there were no 
presence of hydraulic jumps since 2.5 Km upstream reach S4) and low flow velocities which 
contribute to the reduction of air bubbles and to the settle of suspended solids that help to reflect 
the sound transmitted by the acoustic flow meter. 
 
Measurement in Vegetated Canals or with Presence of Debris 
 
Heavy bottom vegetation in channels disturbs the flow and produces spikes in velocity 
measurement, the presence of aquatic plants produced inappropriate velocity profiles including 
negative velocities behind the plants. Also, aquatic plants and debris blocked the probe and 
fouled the equipment operation (See Figs. B49, B52, B63, B85, B91, B104). 
 
Flow Direction 
The angle of the flow given by the flow meter was useful to determine if the tag line 
needs adjustments to be perpendicular to the flow or otherwise if the cross section was not 
adequate. 
 
Measure in Irregular Cross Sections 
In order to obtain a better estimation of the cross sectional area in sections with irregular 
bed channel, the depth was measured in every vertical (using the reduced point method) and in 
the middle of these verticals (where velocity measurement was not performed).  This additional 
depth measurement was introduced using the “None” feature in the equipment.  Figure 46 shows 
a section measured using the reduced point method (velocity measurements at 0.6*depth) and 
using the None method. 
68 
 
Fig. 46. Irregular bottom channel measured using the reduced point method (sections with white 
dot) and using the None method (sections without dots) 
 
Inspection of Submerged Gates and Pipes 
During the inspection of lateral inflows and outflows along a selected reach, it was difficult 
to determine if submerged pipes and gates were working. Then, the FlowTracker® ADV® was 
used to estimate the velocity and direction of the water just out the lateral (inflow or outflow) in 
order to figure out if laterals were diverting or picking water up from the canal.  For this purpose 
the flow meter was used in the General mode and the probe was located as close as possible to 
the pipe or gate entrance avoiding producing quality control boundary warnings.  Then the 
velocities in the X axe (Vx) and Y axe (Vy) (X and Y axes correspond to the probe coordinate 
system shown in Fig. 47) were observed in order to determine the resultant direction of the flow at 
the entrance of the laterals.  Table 9 and Fig. 47 show some of the velocity values obtained in the 
field and the conclusions reached. 
  
Physical Design 
- In some sections with difficult access (steep slope, slippery ways and/or full with 
obstacles) it was not possible to carry the case of the flow tracker and the equipment had to be 
transported in a backpack or in the hand.  For works in inaccessible places, a small case should 
be provided by the manufacturer (SonTek Co.) in order to make safe and comfortable to carry the 
electronics part of the equipment. 
69 
- The screw used to fasten the probe to the rod had to be constantly adjusted and 
checked, otherwise it can get loose and the probe get tilted, and can fell down into the canal 
when used in reversed orientation.  
- The rod must be well adjusted and monitored during the field work, it used to get loose 
and rotate, affecting the required perpendicularity of the probe respect to the tag line. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig . 47. Examples of flow direction determined outside of inflow and outflow laterals 
 
 
 
 
 
Table 9. Examples of Flow Velocity Values Determined Outside Inflow and Outflow 
Laterals 
Case Location Lateral Mean VX 
Mean 
VY 
Conclusion 
1 Left bank of the canal 
Outflow 
lateral  -0.0098 -0.0005 
There is no flow being diverted 
by the outflow lateral 
2 Left bank of the canal 
Outflow 
lateral 0.0002 -0.0002 
There is no flow being diverted 
by the outflow lateral 
3 Right bank of the canal 
Inflow 
lateral -0.2272 -0.036 
There is flow coming out from 
the inflow lateral into the canal 
  
Left bank 
Right bank 
Main flow 
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CHAPTER VI 
 
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
 
 
Summary 
 
Estimation of seepage was done in 39 selected reaches located in 11 canals in the 
Logan and Blacksmith Fork irrigation system.  The measurements were performed in the period 
from June to October 2008, which is part of the irrigation season of these canals.  The method 
used was the inflow-outflow method, for which area and velocity were measured under steady 
flow conditions.  The mean velocity was determined using the reduced-point method and the 
velocity measurements were done with an acoustic flow meter.  The conclusions and 
recommendations of this study are as follows: 
 
Conclusions 
 
- The highest seepage losses were obtained in reaches S1, S2 and S3 in Hyde Park and 
Smithfield irrigation canal, in reaches S1 and S2 in Logan Northern irrigation canal, at reach S2 in 
Crocket canal and at reach S1 in Logan Northwest Field canal. 
- Five (5) of the Seven (7) reaches mentioned presented flowing water beside the canal, 
and One (1) reach presents surrounded houses with flooding problems. 
- The highest gaining was measured in the reach S1 in the Crocket canal. 
- The estimated mean seepage in the reaches varied spatially and temporally.  
- Most of the canals presented a descending trend of the mean seepage loss as the 
reaches go downstream.  
- The reaches located in the east part of the city presented higher seepage losses than 
reaches in the west side. 
- Consecutive reaches S5, S7 in Logan Northwest canal and in S1 in Benson presented 
gaining in late June and early July and switched to losses in August. 
- Monthly comparison of seepage losses within the reaches did indicate a higher seepage 
loss during the late July and August period in Twelve (12) of Seventeen (17) reaches. 
Cover 
number 
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- Sections not possible to measure using the inflow –outflow method are: Logan Northfield 
canal between reaches S2 and S3, Logan Northern canal downstream of the reach S5, mainly 
due to highly bottom vegetation and accessibility.  Another approach is required. 
- It was observed s pattern between the estimated canal seepage and the type of soil, 
shallow groundwater, and topography.  However, further study and information is required in 
order to extrapolate the measured seepage to other channel sections. 
- The FlowTracker® ADV® was useful during the data collection since it facilitated: the 
determination of the approximate boundary between dead and flowing water, the verification of 
perpendicularity of tag line and flow, the verification of submerged pipes and gates and the 
measurement of pipes and canals with low flow velocities (<0.1 cm/s) and/or shallow depth (8 
cm).  
- The FlowTracker® ADV® probe was not used in reversed orientation because higher 
velocities were obtained in comparison with velocity measurement using the probe in the normal 
orientation. 
- The lowest SNR was detected at the end of the Benson canal, although the water had 
some visible suspended particles.  A low flow velocity (0.09 m/s) was observed, and there was no 
evidence of hydraulic jumps for a distance of 2.5 km in the upstream direction. 
 
Recommendations 
 
- As there are reaches with significant losses, these reaches have to be evaluated in 
greater detail in order to determine precise locations of seepage.  Furthermore, ponding method 
can be used to determine more precise location of the cracks if any and tracer studies can be 
done to determine if the water in the basements come from the irrigation canals.   
- In highly vegetated sections not possible to measure in the present study, the inflow-
outflow method can be used only after maintenance activities (weeding); otherwise another 
method such as ponding method must be used. 
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- Evaluation under controlled conditions in a hydraulic laboratory must be done with the 
FlowTracker® ADV® in order to contrast measured velocities using reversed and normal probe 
orientation.  
- Further studies of the factors affecting seepage in the canals are required in order to 
improve the understanding of the seepage behavior found in the present study.  
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Appendix A. Flow Meter Comparison and Selection 
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Flow Meter Comparison and Selection 
 
Four equipments were available for the present project: 2 mechanical Price-Pygmy with 
vertical axis, mechanical Ott with horizontal axis, electromagnetic Marsh McBirney and 
FlowTracker Acoustic Doppler Velocimeter. Also One (1) electromagnetic counter (Rickly 
Hydrological Co) was available.  The flow meters were tested (according to user’s manual or 
USGS recommendations) in order to know if they were working accurately. A test described in the 
manual (Marsh-McBirney 1990) of the electromagnetic flow meter was done, from the test it was 
observed that the output did not reach a velocity of cero in stagnant water (as required in the 
manual), therefore, recalibration of the flow meter is needed.  Spin test was done to the Pygmy 
flow meters, and they rotated for more than 45 seconds as recommended by the Unites States 
Geological Survey (1999), but it was observed that the electromagnetic counter registered greater 
revolutions than the revolutions performed, apparently due to multiple contact of the wire in the 
contact chamber of the flow meters.  A diagnostic program (beam check) was used to determine 
acoustic equipment performance, in which the output shape obtained corresponded to the shape 
required in the manual (SonTek 2007).  
Additionally, a punctual velocity comparison was done in May 2008 in a 3 ft flume in the 
Utah Water Research Laboratory (UWRL), for which three measurements using all the 
equipments were done during 40 seconds at the same point (at 4.251 m from the beginning of the 
flume, 0.457 m along the flume width and 0.19 m depth).  Table A1 and Fig. A1 show the 
comparison of punctual average velocity between equipments in which irregular velocities were 
obtained from the two Pygmy and the Mash-McBirney flow meters, but similar velocities were 
obtained between the FlowTracker, Ott current meters and float method.  Additional comparison 
was done between one of the Pygmy, Ott meter and the FlowTracker at 7 points along the flume, 
and the results are shown in Table A2 and Fig. A2. From Fig. A2 it can be concluded that the 
Pymy was giving irregular measurements.  
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It is important to mention that the mechanical equipments have not been recalibrated 
since they were bought more than 5 years ago, and the acoustic equipment was a new 
equipment bought in December 2007 and it has an invariant factory calibration (no periodic 
recalibration required) (SonTek 2007).  
As a result, the acoustic flow meter was selected over the other available equipments, 
because other available flow meters (pygmy and electromagnetic) gave inconsistent velocities 
measurement, because the acoustic equipment was recently calibrated (at factory), and because 
it presents several advantages in data collection and data processing over the Ott current meter.  
 
Table A1. Punctual Velocity Comparison Between Flow Meters 
Current meters 
Velocity (m/s) Mean  
(m/s) 
Standard 
Deviation Attempt 1 Attempt 2 Attempt 3 
Pygmy 1 2.145 2.286 1.951 2.127 0.168 
Pygmy 2 1.265 1.183 1.128 1.192 0.069 
Marsh McBirney 2.950 2.930   2.940 0.014 
FlowTracker® ADV® 0.625 0.616 0.640 0.627 0.012 
Ott 0.674 0.665 0.671 0.670 0.005 
Float method       0.440   
    Note: Position along the flume (from upstream to downstream)  =4.251 m 
Position along the width in the flume = 0.457 m  
Flow depth = 0.324 m 
Position along the vertical = (0.6*depth) = 0.13 m measured from the canal 
bottom  
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Fig. A1. Punctual velocity comparison of current meter 
 
 
Table A2. Velocity Measurement Across the Flume 
Vertical 
along 
cross 
section          
(m) 
Velocity (m/s) 
Flow 
Tracker Ott Pygmy 
0.00 Left wall 
0.05 0.657 0.691 3.475 
0.15 0.655 0.709 1.681 
0.30 0.636 0.678 2.227 
0.46 0.627 0.670 3.267 
0.61 0.622 0.663 2.011 
0.76 0.638 0.672 2.417 
0.86 0.637 0.670 1.899 
0.91 Right wall 
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Fig. A2. Cross sectional velocity comparison between flow meters 
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Appendix B. Selected Canal Reaches 
 
Table B1. Selected Reaches in the Nibley Blacksmith Fork Irrigation Canal 
 
  
Reach 
name 
Cross 
section 
description 
Description Figure No Lining 
Section 
shape 
UTM X                 
(m) 
UTM Y                    
(m) 
Station 
along
canal 
(m) 
Reach 
length 
(m) 
S1 
Upstream 
No presence of bottom vegetation.  
Some branches were cut to avoid 
obstruction of the flow.  
B1 
Earthen 
Irregular 431922 4610547 100 
557 
Downstream 
Slightly presence of bottom 
vegetation.  The canal had a right 
branch with fence. 
B2 Irregular 431724 4611103 657 
S2 
Upstream No presence of bottom vegetation 
or obstructions. B3 
Earthen 
Irregular 431269 4611824 1573 
807 
Downstream No presence of bottom vegetation 
or obstructions. B4 Irregular 430774 4612302 2380 
S3 
Upstream 
No presence of bottom vegetation.  
Some branches were cut to avoid 
obstruction of the flow.  
B5 
Earthen 
Irregular 430350 4612752 2972 
242 
Downstream Slightly presence of bottom 
vegetation.  B6 Irregular 430170 4612907 3214 
8
3
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Table B2. Selected Reaches in the Hyde Park and Smithfield Irrigation Canal 
 
Reach 
name 
Cross 
section 
description 
Description Figure No Lining 
Section 
shape 
UTM X                 
(m) 
UTM Y                    
(m) 
Station 
along
canal 
(m) 
Reach 
length 
(m) 
S1 
Upstream 
Straight upstream concrete canal 
with less big rocks in bottom than 
surrounded areas, some rock 
removal was required.  Bottom 
without vegetation.  Section shape 
changed due to the lost of mud 
located in bottom channel.  
B12 
Concrete 
wall and 
rocky 
bottom 
 
Irregular  436645  4621565 170 
980 
Downstream 
Left and bottom channel is rocky 
and left side is concrete wall.  The 
straightest section was selected.  
The canal along the reach 
presented cracks and leaks going 
into the US 89.  Access only by 
walking from road. 
B13 Irregular 435600 4621446 1150 
S2 
Upstream 
S1 downstream measurement was 
used due to not presence of 
diversion in this reach.  Access only 
by walking from road. 
B13 Concrete 
wall and 
rocky 
bottom 
Irregular 435600 4621446 1150 
1042 
Downstream 
Slightly rocky bottom with concrete 
wall in left side.  Access only by 
walking from road. 
B14 Irregular 434766 4621765 2192 
S3 
Upstream 
S2 downstream measurement was 
used due to not presence of open 
diversion in this reach.  Access only 
by walking from road. 
B14 Concrete 
wall and 
rocky 
bottom 
Irregular 434766 4621765 2192 
376 
Downstream Small rocks in bottom with gabions 
retaining wall in left side. B15 Irregular 434470 4621841 2568 
(.. Continue)  
8
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(… Continue) 
 
S4 
Upstream 
Small rocks in bottom.  Some 
branches were cut to avoid 
obstruction of the flow. 
B16 
Earthen  
Irregular 434424 4622081 2858 
978 
Downstream 
Earthen, straight canal upstream.  
Measurement was done at the 
beginning of plastic lining section. 
B17 Irregular 434358 4623251 3836 
S5 
Upstream 
Measured beside the bridge with 
straight upstream canal and less 
rocks than surrounded areas.  
B18 
Earthen  
Irregular 434291 4623504 4359 
654 
Downstream 
Measured beside the bridge with 
straight upstream canal and less 
rocks than surrounded areas.  
B19 Irregular 434090 4624072 5013 
S6 
Upstream 
Access only by walking from 
Canyon Ridge Rd.  Upstream canal 
blocked with fences. Cross section 
has few small rocks and not bottom 
vegetation. 
 
Earthen  
Irregular 434124 4626126 7291 
430 
Downstream Cross section at Canyon Ridge.  Not presence of bottom vegetation. B20 Irregular 433975 4626511 7721 
S7 
Upstream 
Measured before Parshall flume.  
Not measurement was possible 
downstream due to canal is highly 
vegetated. 
B21 
Highly 
vegetated 
Irregular 432941 4631178 12871 
1313 
Downstream 
Measured after bridge, rocky 
bottom with not vegetation.  
Upstream  canal was highly 
vegetated. 
B22 Irregular 432661 4632169 14184 
  
8
5
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Table B3. Selected Reaches in the Logan Northern Irrigation Canal 
 
Reach 
name 
Cross 
section 
description 
Description Figure No Lining 
Section 
shape 
UTM X                 
(m) 
UTM Y                    
(m) 
Station 
along
canal 
(m) 
Reach 
length 
(m) 
S1 
Upstream 
Deep section with low velocity flow, 
surrounded with trees.  Some 
branches were cut to avoid 
obstruction of the flow. Cross 
section shape varied due to the lost 
of mud located in bottom channel.  
B34 
Earthen 
and 
concrete. 
Irregular  434095 4621228 211 
887 
Downstream 
Rectangular concrete channel 
located in the hillside.  Some leaks 
are visible along the earthen canal 
B35 Rectan-gular 433211 4621433 1098 
S2 
Upstream 
Rectangular concrete channel 
located in the hillside. Between S1 
and S2 there are springs diverting 
water into the canal. No springs 
were present in the selected reach. 
B36 
Concrete 
Rectan-
gular 432484 4621103 1945 
681 
Downstream 
Rectangular concrete channel 
located after the hillside (bridge at 
600E 400N).Section section shape 
changed due to the lost of mud 
located in bottom channel.  
B37 Rectan-gular 431859 4621077 2626 
S3 
Upstream Slightly vegetated earthen channel. B38 
Earthen 
Irregular 432335 4622909 4650 
1043 Downstream 
Slightly vegetated earthen channel 
with slightly boggy channel bottom. 
Access by walking from road. The 
reach has many small pipes. 
B39 Irregular 432889 4623723 5693 
(… Continue)  
8
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(... Continue) 
S4 
Upstream 
Slightly vegetated earthen channel 
with slightly boggy channel bottom. 
Some braches needed to be cut to 
avoid obstruction of flow. 
B40 
Earthen, 
highly 
vegetated 
Irregular 433022 4626673 8963 
1590 
Downstream 
Medium vegetated and extremely 
irregular canal bottom upstream 
and downstream. Section had big 
rocks that were relocated to 
perform the measurement. 
B41 Irregular 432452 4628027 10553 
S5 
Upstream 
Highly vegetated earthen channel. 
Section had slightly boggy channel 
bottom and not bottom vegetation. 
Some branches needed to be cut to 
avoid obstruction of flow. 
B42 
Earthen, 
highly 
vegetated 
Irregular 431982 4630568 13391 
1693 
Downstream 
Measurement made after the 
bridge, straight rectangular canal 
upstream, with slightly presence of 
bottom vegetation. 
B43 Irregular 431089 4631626 15084 
  
8
7
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Table B4. Selected Reaches in the Hyde Park and Logan Northfield Irrigation Canal 
 
Reach 
name 
Cross 
section 
description 
Description Figure No Lining 
Section 
shape 
UTM X                 
(m) 
UTM Y                 
(m) 
Station 
along 
canal 
(m) 
Reach 
length 
(m) 
S1 
Upstream Measurement made upstream the Parshall flume B54 
Earthen 
Irregular 430921 4620330 0 
1281 
Downstream 
Double parallel canal were 
measured. Section had slightly 
boggy channel bottom. 
B55 Irregular 431163 4621558 1281 
S2 
Upstream 
Double parallel canals were 
measured at end of 2 culverts. 
Section upstream and downstream 
had boggy channel bottom and it is 
highly wall vegetated upstream and 
downstream. 
B56 
Earthen 
Irregular 431233 4622366 2105 
1349 
Downstream 
Double parallel canals were 
measured. Section had slightly 
bottom vegetation. 
B57 Irregular 431519 4623673 3454 
S3 Upstream 
Section has boggy channel bottom. 
Between S2 and S3 the canal is 
highly bottom and wall vegetated 
with difficult access, measurements 
were not possible. 
B58 Earthen Irregular 431922 4628248 7945 1418 
Downstream Narrow channel along US 91 B59 Irregular 431118 4628641 9363 
  
8
8
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Table B5. Selected Reaches in the Crocket Irrigation Canal (Formerly the 8th Ward Canal) 
 
Reach 
name 
Cross 
section 
description 
Description Figure No Lining 
Section 
shape 
UTM X                 
(m) 
UTM Y                    
(m) 
Station 
along
canal 
(m) 
Reach 
length 
(m) 
S1 
Upstream 
Earthen canal measured after and 
before bridge at canyon road. 
Downstream canal goes through 
hillside parallel to Canyon Rd. 
B64 
Earthen 
Irregular 431692 4620742 1235 
657 
Downstream Cross section with concrete walls 
and earthen bottom. 
B65; 
B66; 
B67 
Irregular 430971 4620259 1892 
S2 
Upstream 
Section with not bottom vegetation. 
Some branches and big rocks 
needed to be removed to avoid 
obstruction of flow. 
B68 
Earthen 
Irregular 430855 4620130 2159 
470 
Downstream 
Section with two concrete walls and 
earthen bottom. Bottom vegetation 
low in June and increased as 
October. 
B69 Irregular 430142 4619945 2629 
  
8
9
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Table B6. Selected Reaches in the Logan Northwest Field Irrigation Canal 
 
Reach 
name 
Cross 
section 
description 
Description Figure No Lining 
Section 
shape 
UTM X                 
(m) 
UTM Y                    
(m) 
Station 
along
canal 
(m) 
Reach 
length 
(m) 
S1 
Upstream 
Rectangular concrete section at 
broad crested weir. Bottom channel 
presents small rocks. 
B70 
Earthen 
Irregular 429826 4619822 0 
420 
Downstream Earthen section measured before the bridge. B71 Irregular 429689 4620124 420 
S2 
Upstream 
Earthen section measured before 
and also after bridge at 100S when 
gate was operating. 
B72 
Earthen 
Irregular 429689 4620124 445 
407 
Downstream Earthen section. B73 Irregular 429701 4620497 852 
S3 
Upstream Earthen section. B74 
Earthen 
Irregular 429707 4620555 852 
945 
Downstream Earthen section. B75 Irregular 430081 4621335 1797 
S4 
Upstream Concrete section after a bridge in intersection of canal with 200W B76 
Earthen 
Irregular 430180 4621526 1996 
844 
Downstream 
Earthen section measured after 
canal crosses 200W in cross 
section without bottom vegetation. 
The reach is highly vegetated. 
B77 Irregular 430202 4622313 2840 
S5 
Upstream 
Earthen section with some rocks in 
the bottom. Movement of rocks and 
bottom vegetation was done to 
reduce disturbance of the flow. 
B78 
Earthen, 
highly 
vegetated 
Irregular 430212 4326101 3627 
 
 
 
 
1033 
Downstream 
Earthen section with not bottom 
vegetation measured after bridge at 
1800N. Upstream and downstream 
canal is highly vegetated. 
B79 Irregular 430242 4624102 4660 
(… Continue)  
9
0
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(… Continue) 
S6 
Upstream 
Earthen section with some rocks in the 
bottom that were removed to reduce water 
disturbance.  
B80 
Earthen, 
highly 
vegetated 
Irregular 430214 4624871 5487 
765 
Downstream 
Earthen section measured before the gate 
and also measured in the Parshall flume 
when gate was not operating. 
B81 Irregular 429443 4625010 6252 
  
9
1
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Table B7. Selected Reaches in the Benson Irrigation Canal 
 
Reach 
name 
Cross 
section 
description 
Description Figure No Lining 
Section 
shape 
UTM X                 
(m) 
UTM Y                    
(m) 
Station 
along
canal 
(m) 
Reach 
length 
(m) 
S1 
Upstream 
Cross section after well at Airport 
Rd. with lowest bottom vegetation. 
Highly bottom vegetated as June 
ad low vegetated as August due to 
herbicide. Holes in bottom channel 
(probably due to loss of plants) 
made not possible measurement in 
August. 
B92 
Highly 
vegetated 
Irregular 429401 4625507 500 
1032 
Downstream 
Measurement made after diversion 
with lowest bottom vegetation. 
Upstream and downstream canal 
were highly vegetated. 
B93 Irregular 428460 4625554 1532 
S2 
Upstream S1 downstream measurement was 
used. B93 Highly 
vegetated 
Irregular 428372 4625578 1490 
790 
Downstream S3 upstream measurement was 
used. B94 Irregular 427753 4625900 2280 
S3 
Upstream 
Section with no bottom vegetation. 
Section surrounded with swamps 
and beside the section there was 
ponding water. 
B94 
Earthen 
Irregular 427753 4625900 2280 
882 
Downstream 
Measured at rectangular concrete 
section before diversion. Upstream 
and Downstream is highly 
vegetated. 
B95 Irregular 427308 4626355 3162 
(…Continue)
9
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(… Continue) 
S4 
Upstream 
Measurement made in straight 
channel after culvert at Airport Rd. 
Boggy bottom channel of 
approximate 30 cm depth. Tag line 
and measurements were carefully 
performed to avoid deforming the 
bottom channel. No presence of 
bottom vegetation. 
B96 
Earthen 
Irregular 427157 4626353 3312 
1320 
Downstream 
Measurement made before culvert 
at Meridian Rd. Boggy bottom 
channel of approximate 20 cm 
depth. Tag line and measurements 
were carefully performed to avoid 
deforming the bottom channel. 
Presence of algae in the bottom 
made not possible the 0.8*depth 
measurement of velocity in some 
verticals. 
B97 Irregular 425862 4626053 4632 
S5 
Upstream 
Earthen section without bottom 
vegetation, located after outflow 
(pump). Boggy bottom channel of 
approximate 20 cm depth. 
B98 
Earthen 
Irregular 425423 4626091 5078 
1080 
Downstream 
Trapezoidal concrete cross section. 
Upstream canal has same 
characteristic as upstream cross 
section. 
B99 Irregular 424360 4626103 6158 
S6 
Upstream 
Measurement was done in 
trapezoidal concrete channel, 
without vegetation or mud. SNR 
values were low since this section 
to downstream. Also, the canal wall 
presented many cracks. 
B99 
Concrete 
Trapezoi-
dal 424360 4626103 6158 
 
 
 
 
 
882 
Downstream 
Measurement was done in 
trapezoidal concrete channel, 
without vegetation or mud. Access 
only by walking from road. 
B100 Trapezoi-dal 423502 4626055 7040 
9
3
 
 
94 
Table B8. Selected Reaches in the Cow Pasture Irrigation Canal 
 
Reach 
name 
Cross 
section 
description 
Description Figure No Lining 
Section 
shape 
UTM X                 
(m) 
UTM Y                    
(m) 
Station 
along
canal 
(m) 
Reach 
length 
(m) 
S1 
Upstream 
Measurement done before Parshall 
flume, canal does not present 
bottom vegetation. 
B108 
Earthen 
Irregular 429602 4619260 20 
994 
Downstream 
Measurement done at trapezoidal 
earthen section without bottom 
vegetation or rocks. 
B109 Irregular 428702 4619121 1014 
S2 
Upstream Narrow canal without vegetation 
and obstructions. B110 
Earthen 
Irregular 428432 4619131 1275 
794 
Downstream 
Narrow canal highly vegetated 
measured in lowest vegetated 
section before diversion. Plant 
removal was done to adequate the 
cross section. 
B111 Irregular 427639 4619150 2069 
 
 
 
Table B9. Selected Reaches in the Logan Island Irrigation Canal 
 
Reach 
name 
Cross 
section 
description 
Description Figure No Lining 
Section 
shape 
UTM X                 
(m) 
UTM Y                    
(m) 
Station 
along
canal 
(m) 
Reach 
length 
(m) 
S1 
Upstream Earthen section with rocks,  rocks 
removal was done.  B113 Earthen Irregular 431396 4620233 969 
490 
Downstrea
m 
Wide earthen section with silty 
bottom. Removal of some debris 
was done. 
B114 Earthen Irregular 431008 4620193 1459 
 
9
4
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Table B10. Selected Reaches in the Southwest Field Irrigation Canal 
 
Reach 
name 
Cross 
section 
description 
Description Figure No Lining 
Section 
shape 
UTM X                 
(m) 
UTM Y                    
(m) 
Station 
along
canal 
(m) 
Reach 
length 
(m) 
S1 
Upstream 
Rectangular concrete section with 
boggy bottom due to debris and 
mud accumulation. Downstream the 
canal is earthen 
B115 
Earthen 
Irregular 429830 4619782 30 
625 
Downstream Measurement done before the diversion to Cow Pasture canal. B116 Irregular 429646 4619301 655 
S2 
Upstream Measurement done after diversion to Cow Pasture canal. B117 
Earthen 
Irregular 429638 4619242 685 
693 
Downstream 
Measurement done in front of 
lagoon at park. Access only by 
walking from the road. 
B118 Irregular 429181 4619027 1378 
 
 
 
Table B11. Selected Reaches in the Providence Logan Irrigation Canal 
 
Reach 
name 
Cross 
section 
description 
Description Figure No Lining 
Section 
shape 
UTM X                 
(m) 
UTM Y                    
(m) 
Station 
along
canal 
(m) 
Reach 
length 
(m) 
S1 
Upstream 
Measured section at Parshall flume, 
upstream and downstream section 
is blocked by houses.  
B119 
Earthen 
Irregular 433436 4621188 255 
740 
Downstrea
m 
Measured section at bridge behind 
houses, access only by walking 
from road. Downstream canal goes 
buried underground. 
B120 Irregular 433092 4620648 995 
9
5
 
 
NIBLEY BLACKSMITH FORK IRRIGATION CANAL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
aA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. B1. Upstream cross section at S1 Fig. B2. Downstream cross section at S1 
Fig. B3. Upstream cross section at S2 Fig. B4. Downstream cross section at S2 
Fig. B5. Upstream cross section at S3 Fig. B6. Downstream cross section at S3 
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Fig. B7. Fences blocking canal between S1 
and S2 
 Fig. B9. Inlet  
 
 Fig. B11. Branch obstructions at S1
 
Fig. B8. Pump 
 
 Fig. B10. Gate at diversion 
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HYDE PARK AND SMITHFIELD IRRIGATION CANAL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
  
 Fig. B12. Upstream cross section at S1  Fig. B13. Downstream cross section at S1 
and upstream section at S2 
 Fig. B14. Downstream cross section at S3 
and upstream section at S2 
 Fig. B15. Downstream cross section at S3 
 Fig. B16. Upstream cross section at S4  Fig. B17. Downstream cross section at S4 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. B18. Upstream cross section at S5
 Fig. B20. Downstream cross section at S6
 Fig. B22. Downstream cross section at S7
  Fig. B19. Downstream cross section at S5
  Fig. B21. Upstream cross section at S7
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Others: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. B23. Typical canal on hillside parallel 
to US89  
 
 Fig. B24. Hole in canal wall on hillside 
parallel to US89 
 Fig. B25. Cracks on canal wall on hillside 
parallel to US89 
 Fig. B26. Hillside springs parallel to US89 
Fig. B27. Water flowing from canal on 
hillside parallel to US89 
 Fig. B28. Water flowing from canal on 
hillside parallel to US89 
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 Fig. B29. Water flowing from canal on 
hillside parallel to US89 
 Fig. B30. Restrictions of access at 
Smithfield canal 
 Fig. B31. Alternative transportation at S1, 
S2, S3 (Tubing) 
 Fig. B32. Irrigated farm between S6 and 
S7 in late October 
Fig. B33. Flow meter fouled by debris 
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LOGAN NORTHERN IRRIGATION CANAL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. B34. Upstream cross section at S1 Fig. B35. Downstream cross section at S1 
Fig. B36. Upstream cross section at S2 Fig. B37. Downstream cross section at S2 
Fig. B38. Upstream cross section at S3 
 Fig. B39. Downstream cross section at S3 
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Fig. B40. Upstream cross section at S4 Fig. B41. Downstream cross section at S4 
Fig. B42. Upstream cross section at S5 Fig. B43. Downstream cross section at S5 
Fig. B44. Water coming from the canal in 
S1 
Fig. B45. Pump between S2 and S3 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 
 
 
 
 
 
 
 
 
 
 
 
Fig.  B46. Springs between S1 and
Fig. B48. Pipe flow measurement at S3
 Fig. B50. Big rocks in the canal at S4
 S2 Fig. B47. Springs between S1 and S2
 Fig. B49. Vegetation fouls acoustic flow 
meter 
  Fig. B51. Sprinklers working between 
section 4 and 5 
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HYDE PARK AND LOGAN NORTHFIELD IRRIGATION CANAL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. B52. Highly bottom vegetation in canal 
after S5 
 Fig. B53. Gate surrounded and highly 
vegetated after S5 
 Fig. B54. Upstream cross section at S1 
 Fig. B55. Downstream cross section at S1  
in twin canal (right canal) 
 Fig. B56. Upstream cross section at S2 
(left culverts) 
 Fig. B57. Downstream cross section at S2 
(two canals) 
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 Fig. B58. Upstream cross section at S3  Fig. B59. Downstream cross section at S3 
 Fig. B60. Double canal between S2 and 
S3 (Left canal) 
Fig. B61. Pipe in section 2 
 Fig. B62. Mobile pump and sprinklers 
irrigating between S2 and S3 
 Fig. B63. Heavily vegetation in canal 
bottom and wall between S2 and S3 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. B64. Upstream cross section at S1
 Fig. B66. Alternate upstream cross section 
at S1 
Fig. B68. Upstream cross section at S2
CROCKET IRRIGATION CANAL 
 
  Fig. B65. Downstream cross section at S1
 Fig. B67. Alternate downstream cross 
section at S1 
 Fig. B69. Downstream cross section at S2
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LOGAN NORTHWEST FIELD IRRIGATION CANAL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. B70. Upstream cross section at S1  Fig. B71. Upstream cross section at S1 
 Fig. B72. Upstream cross section at S2  Fig. B73. Downstream cross section at S2 
 Fig. B74. Upstream cross section at S3  Fig. B75. Downstream cross section at S3 
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 Fig. B76. Upstream cross section at S4 Fig. B77. Downstream cross section at S4 
 Fig. B78. Upstream cross section at S5  Fig. B79. Downstream cross section at S5 
 Fig. B80. Upstream cross section at S6 
 Fig. B81. Downstream cross section at S6 
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 Fig. B82. Water diverted through street, 
very common conveyance use in Northwest 
canal 
 Fig. B83. Use of current meter in small 
canals 
 Fig. B84. Debris trapped in current meter, 
difficult measurements especially in fall. 
 Fig. B85. Bottom vegetation at S4 and S5. 
 Fig. B86. Enclosed gates; difficult to 
determine if they are operating 
 Fig. B87. Enclosed buried and submerged 
pipes; difficult to measure. 
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 Fig. B88. Canal passes between and 
under houses between S4 and S5 
 Fig. B89. Pump 
 Fig. B90. Flow disturbance due to animals  Fig. B91. Highly vegetated bottom and 
wall with difficult access for inspection in S4 
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BENSON IRRIGATION CANAL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. B92. Upstream cross section at S1  Fig. B93. Downstream cross section at S1 
and upstream cross section at S2 
Fig. B94. Upstream cross section at S1 
and downstream cross section at S3 
 Fig. B95. Downstream cross section at S3 
 Fig. B96. Upstream cross section at S4 
 Fig. B97. Downstream cross section at S4 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. B98. Upstream cross section at S5
 Fig. B100. Downstream cross section at 
S6 
 Fig. B102. Well discharges into the canal 
at Airport Rd. 
 Fig. B99. Downstream cross section at S5 
and upstream section of S6 (end of 
irrigation season) 
 Fig. B101. Well discharges into the canal 
at Airport Rd. 
 Fig. B103. Bottom vegetation in S1
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Fig. B104. Bottom vegetation (algae) in S4 
fouled the flow meter 
 
Fig. B105. Difficult access to S6 
 
Fig. B106.  Removed plastic cover in S6 
 
Fig. B107. Cracks in concrete wall in S6 
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. B108. Upstream cross section at S1
 Fig. B110. Upstream cross section at S1
 Fig. B112. Dry canal at S2 
COW PASTURE IRRIGATION CANAL 
 
  Fig. B109. Downstream cross section at 
S1 
  Fig. B111. Downstream cross section at 
S1 
in June 
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 Fig. B113. Upstream cross section at S1
 Fig. B115. Upstream cross section at S1
 Fig. B117. Upstream cross section at S2
LOGAN ISLAND IRRIGATION CANAL 
 
SOUTHWEST FIELD IRRIGATION CANAL 
 
 
 
 
 
 
  Fig. B114. Downstream cross section at 
S1 
  Fig. B116. Downstream cross section at 
S1 
 
 Fig. B118. Downstream cross section at S2
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PROVIDENCE LOGAN IRRIGATION CANAL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 Fig. B119. Upstream cross section at S1  Fig. B120. Downstream cross section at 
S1 
 Fig. B121. Gate at S1 entered direct into 
house, not possible to measure. 
 
 Fig. B122. Pump at S1 
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Appendix C. Measured Discharge and Seepage Calculations 
 
Table C1. Measured Discharge and Seepage Calculations for Nibley Blacksmith Fork Irrigation Canal 
 
Reach 
name 
Cross section 
description Date 
Mean 
temp. 
(oC) 
Mean 
SNR 
(dB)  
Vertical 
No. 
Canal 
top 
width 
(m) 
Mean 
water 
depth 
(m) 
Mean 
velocity 
(m/s) 
Station 
along 
canal 
(m) 
Perimeter 
(m) 
Qi / Qo     
(m^3/s) 
I   
(m^3/s) 
D 
(m^3/s) 
Estimated 
seepage 
(lps/100m) 
S1 
Upstream 7/19/2008 12.9 28.3 18 4.72 0.50 0.51 100   1.205       
Downstream 
(RB) 7/19/2008 12.1 36.0 23 6.02 0.28 0.70 657   1.157       
Downstream 
(LB) 7/19/2008 12.3 26.8 4 0.53 0.10 0.09 657   0.009       
Summary for S1 
Upstream   12.9 28.3 18 4.72 0.50 0.51 100 5.30 1.205     7.03 
Downstream   12.2 31.4 27 6.55 0.26 0.70 657 7.40 1.165     
S2 
Upstream 7/19/2008 12.1 34.9 15 3.70 0.36 0.90 1573   1.175       
Gate 
(outflow) 7/19/2008 14.9 36.4 9 1.32 0.24 0.67 1830       0.215   
Downstream 7/19/2008 12.1 32.5 14 3.20 0.37 0.74 2380   0.890       
Summary for S2 
Upstream   12.1 34.9 15 3.70 0.36 0.90 1573 4.22 1.175     8.65 
Downstream   12.1 32.5 14 3.20 0.37 0.74 2380 3.55 1.105     
S3 Upstream 7/19/2008 15.4 33.4 14 3.35 0.38 0.68 2972 3.67 0.913     -5.02 
Downstream 7/19/2008 14.0 35.8 13 2.90 0.37 0.87 3214 2.87 0.925     
RB = Right Branch 
LB = Left Branch 
Qi = Upstream inflow  
Qo = Downstream outflow  
D = Flow diverted along the reach 
I = inflow added along the reach 
  
1
1
9
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Table C2. Measured Discharge and Seepage Calculations for Hyde Park and Smithfield Irrigation Canal 
 
Reach 
name 
Cross section 
description Date 
Mean 
temp. 
(oC) 
Mean 
SNR 
(dB)  
Vertical 
No. 
Canal 
top 
width 
(m) 
Mean 
water 
depth 
(m) 
Mean 
velocity 
(m/s) 
Station 
along 
canal 
(m) 
Perimeter 
(m) 
Qi / Qo     
(m^3/s) 
I 
(m^3/s) 
D 
(m^3/s) 
Estimated 
seepage 
(lps/100m) 
S1,  
S2,  
S3 
Upstream 6/19/2008 9.1 34.9 8 3.05 0.52 0.82 170 4.00 1.316     
8.99 
Downstream 6/19/2008 9.5 31.1 16 6.88 0.45 0.35 2568 7.42 1.100   
  
S4 Upstream 6/27/2008 9.9 29.5 15 5.80 0.38 0.55 2858 5.99 1.206     5.95 
Downstream 6/27/2008 10.9 29.5 10 4.35 0.35 0.76 3836 4.52 1.148     
S1 Upstream 7/11/2008 12.2 25.3 9 3.03 0.56 0.95 170 4.06 1.625     12.40 
Downstream 7/11/2008 12.3 26.6 9 2.43 0.49 1.26 1150 3.41 1.504     
S2 Upstream 7/11/2008 12.3 26.6 9 2.43 0.49 1.26 1150 3.41 1.504     10.12 
Downstream 7/11/2008 12.3 28.1 11 3.82 0.56 0.66 2192 4.86 1.398     
S3 Upstream 7/11/2008 12.3 28.1 11 3.82 0.56 0.66 2192 4.86 1.398     6.14 
Downstream 7/11/2008 11.2 25.8 29 6.70 0.49 0.42 2568 7.31 1.375     
S1 Upstream 8/7/2008 11.7 25.0 12 3.10 0.56 0.88 170 4.13 1.525     11.33 
Downstream 8/7/2008 12.4 22.4 14 2.48 0.45 1.28 1150 3.39 1.414     
S2 Upstream 8/7/2008 12.4 22.4 14 2.48 0.45 1.28 1150 3.39 1.414     16.48 
Downstream 8/7/2008 13.9 26.6 11 3.78 0.53 0.62 2192 4.78 1.243     
S3 Upstream 8/7/2008 13.9 26.6 11 3.78 0.53 0.62 2192 4.78 1.243     11.81 
Downstream 8/7/2008 14.6 26.4 25 6.12 0.54 0.37 2568 6.98 1.198     
S4 Upstream 8/10/2008 14.4 26.0 21 5.61 0.39 0.55 2858 5.87 1.184     3.53 
Downstream 8/10/2008 14.7 26.1 15 4.00 0.41 0.70 3836 4.30 1.150     
S5 Upstream 8/11/2008 11.4 32.4 16 4.20 0.39 0.66 4359 4.99 1.095     9.04 
Downstream 8/11/2008 11.8 26.5 18 4.90 0.64 0.33 5013 5.97 1.036     
(.. Continue) 
 
  
1
2
0
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(… Continue) 
S6 
Upstream 8/11/2008 14.0 29.6 15 2.57 0.45 0.83 7291   0.949       
Pump 
(outflow) 8/11/2008             7495       0.02   
Downstream 8/11/2008 14.7 25.5 17 4.29 0.56 0.37 7721   0.886       
Summary for S6 
Upstream 8/11/2008 14.0 29.6 15 2.57 0.45 0.83 7291 3.46 0.949     10.00 
Downstream 8/11/2008 14.7 25.5 17 4.29 0.56 0.37 7721 5.00 0.906     
S7 Upstream 8/11/2008 15.9 25.9 18 4.71 0.48 0.30 12871 5.36 0.675     6.84 
Downstream 8/11/2008 16.1 20.8 14 3.42 0.69 0.25 14184 4.36 0.586     
S1, 
S2, 
S3 
Upstream 10/10/2008             170   0.880     
11.49 
Downstream 10/10/2008 6.6 15.0 13 5.87 0.34 0.60 2568 6.24 0.604     
S4 Upstream 10/10/2008 7.2 15.0 19 5.55 0.26 0.40 2858 5.64 0.587     2.10 
Downstream 10/10/2008 7.2 18.0 11 3.50 0.32 0.50 3836 3.71 0.566     
 
US Qi = Upstream inflow  
DS Qo = Downstream outflow  
D = Flow diverted along the reach 
I = inflow added along the reach 
  
1
2
1
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Table C3. Measured Discharge and Seepage Calculations for Logan Northern Irrigation Canal 
 
Reach 
name 
Cross section 
description Date 
Mean 
temp. 
(oC) 
Mean 
SNR 
(dB)  
Vertical 
No. 
Canal 
top 
width 
(m) 
Mean 
water 
depth 
(m) 
Mean 
velocity 
(m/s) 
Station 
along 
canal 
(m) 
Perimeter 
(m) 
Qi / Qo     
(m^3/s) 
I 
(m^3/s) 
D 
(m^3/s) 
Estimated 
seepage 
(lps/100m) 
S1 Upstream 6/13/2008 6.38 25.00 16 5.50 0.62 1.08 211 5.97 1.084     2.52 
Downstream 6/13/2008 7.56 25.60 12 4.01 0.47 0.56 1220 4.92 1.059     
S1 Upstream 7/15/2008 8.93 20.60 9 5.55 0.80 0.42 211 6.29 1.851     9.37 
Downstream 7/15/2008 10.21 23.50 11 4.05 0.65 0.67 1098 5.35 1.768     
S1 Upstream 8/16/2008 10.81 18.00 19 5.35 0.74 0.37 211 6.08 1.467     12.75 
Downstream 8/16/2008 11.1 20.20 15 4.05 0.56 0.60 1098 5.15 1.354     
S2 Upstream 8/16/2008 11.55 21.40 16 4.25 0.52 0.59 1945 5.15 1.293     11.29 
Downstream 8/16/2008 11.87 22.70 17 4.66 0.82 0.32 2626 6.18 1.216     
S3 
Upstream 8/16/2008 12.43 26.30 21 5.65 0.40 0.56 4650 6.11 1.276       
Pipe (inflow) 8/16/2008                 0.002     
Pipe (inflow) 8/16/2008                 0.003     
Pipe (inflow) 8/16/2008                 0.005     
Pipe (inflow) 8/16/2008                 0.003     
Pipe (inflow) 8/16/2008                 0.003     
Pipe (inflow) 8/16/2008                 0.005       
Pipe (inflow) 8/16/2008 14.80 24.30 1     0.48     0.024       
Downstream 8/16/2008 12.54 24.90 21 5.86 0.56 0.39 5693 6.44 1.291       
Summary for S3       
Upstream 8/16/2008 12.43 26.30 21 5.65 0.40 0.56 4650 6.11 1.276     2.88 
Downstream 8/16/2008 12.54 24.90 21 5.86 0.56 0.39 5693 6.44 1.246     
S4 Upstream 8/17/2008 13.59 22.60 14 5.61 0.81 0.23 8963 6.55 1.039     2.64 
Downstream 8/17/2008 13.57 27.70 19 4.55 0.62 0.35 10553 5.40 0.997     
S5 Upstream 8/17/2008 15.72 22.60 16 4.33 0.71 0.20 13391 5.65 0.628     1.09 
Downstream 8/17/2008 16.12 34.00 12 3.10 0.44 0.45 15084 3.90 0.610     
S1 Upstream 10/9/2008 8.53 16.30 13 3.98 0.84 0.28 211 5.45 0.930     
3.55 
Downstream 10/9/2008 8.48 17.10 10 3.91 0.45 0.51 1098 4.79 0.899     1
2
2
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Table C4. Measured Discharge and Seepage Calculations for Hyde Park and Logan Northfield Irrigation Canal 
 
Reach 
name 
Cross section 
description Date 
Mean 
temp. 
(oC) 
Mean 
SNR 
(dB)  
Vertical 
No. 
Canal 
top 
width 
(m) 
Mean 
water 
depth 
(m) 
Mean 
velocity 
(m/s) 
Station 
along 
canal 
(m) 
Perimeter 
(m) 
Qi / Qo     
(m^3/s) 
I 
(m^3/s) 
D 
(m^3/s) 
Estimated 
seepage 
(lps/100m) 
S1 
Upstream 7/6/2008 10.36 30.00 13 4.23 0.25 0.54 0 4.85 0.572       
Gate 
(outflow) 7/7/2008 10.36 27.70 6 0.74 0.09 0.45 192      0.030   
Gate 
(outflow) 7/7/2008 10.27 25.70 5 0.60 0.12 0.24 631      0.017   
Downstream 
(LB) 7/6/2008 11.56 25.60 10 2.21 0.36 0.38 1281 2.60 0.302       
Downstream 
(RB) 7/7/2008 10.24 23.60 10 2.06 0.26 0.35 1281 2.31 0.192       
Summary for S1 
Upstream 7/6/2008  10.36 30.00 13 4.23 0.25 0.54 0 4.85 0.525     2.44 
Downstream 7/7/2008  10.90 24.60 20 4.27 0.31 0.37 1281 4.91 0.493     
S1 
Upstream 8/18/2008 12.91 26.40 19 4.48 0.28 0.60 0 5.11 0.744       
Gate 
(outflow) 8/18/2008 13.49 26.10 4 0.47 0.08 0.27 192      0.011   
Gate 
(outflow) 8/18/2008 13.02 23.80 6 0.60 0.11 0.16 631      0.010   
Downstream 8/18/2008 12.96 26.60 13 3.20 0.54 0.37 1281 3.88 0.631       
Summary for S1 
Upstream 8/18/2008 12.91 26.40 19 4.48 0.28 0.60 0 5.11 0.722     7.10 
Downstream 8/18/2008 12.96 26.60 13 3.20 0.54 0.37 1281 3.88 0.631     
(… Continue)  
1
2
3
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 (… Continue) 
S2 
Upstream 
(LB) 8/19/2008 12.47 28.00 9 1.75 0.62 0.42 2105 2.78 0.454       
Upstream 
(RB) 8/19/2008 13.24 23.90 8 2.79 0.43 0.20 2105 3.47 0.238       
Pipe (inflow) 8/19/2008 19.33 20.90 6 0.47 0.12 0.08 2957   0.005     
Downstream 
(LB) 8/19/2008 13.36 26.50 12 2.27 0.37 0.30 3454 3.10 0.248       
Downstream 
(RB) 8/19/2008 13.56 27.90 12 2.44 0.34 0.44 3454 3.06 0.369       
Summary for S2 
Upstream 8/19/2008 12.86 25.95 17 4.54 0.53 0.31 2105 6.24 0.697     5.96 
Downstream 8/19/2008 13.46 27.20 24 4.71 0.35 0.37 3454 6.15 0.616     
S3 Upstream 8/19/2008 17.87 36.00 11 1.80 0.26 0.21 7945 2.14 0.101     -0.01 
Downstream 8/19/2008 18.30 32.00 7 0.75 0.23 0.59 9363 1.18 0.101     
S1 
Upstream 10/9/2008 8.33 18.10 16 4.18 0.14 0.40 0 4.55 0.233       
Downstream 
(LB) 10/9/2008 8.34 24.90 10 2.25 0.29 0.27 1281 2.69 0.172       
Downstream 
(RB) 10/9/2008 8.30 12.30 9 2.25 0.24 0.10 1281 2.41 0.051       
Summary for S1 
Upstream 10/9/2008 8.33 18.10 16 4.18 0.14 0.40 0 4.55 0.233     0.86 
Downstream 10/9/2008 8.32 18.60 19 4.50 0.26 0.18 1281 5.10 0.222     
 
RB = Right Branch 
LB = Left Branch 
US Qi = Upstream inflow  
DS Qo = Downstream outflow  
D = Flow diverted along the reach 
I = inflow added along the reach 
  
1
2
4
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Table C5. Measured Discharge and Seepage Calculations for Crocket Irrigation Canal (Formerly 8th Ward Canal) 
 
Reach 
name 
Cross section 
description Date 
Mean 
temp. 
(oC) 
Mean 
SNR 
(dB)  
Vertical 
No. 
Canal 
top 
width 
(m) 
Mean 
water 
depth 
(m) 
Mean 
velocity 
(m/s) 
Station 
along 
canal 
(m) 
Perimeter 
(m) 
Qi / Qo     
(m^3/s) 
I 
(m^3/s) 
D 
(m^3/s) 
Estimated 
seepage 
(lps/100m) 
S1 Upstream 6/14/2008 10.9 28.4 25 7.34 0.57 0.33 1235 7.86 1.355     7.53 
Downstream 6/14/2008 11.3 28.6 17 4.95 0.50 0.53 1912 5.66 1.304     
S1 Upstream 7/14/2008 10.5 22.1 23 5.74 0.60 0.54 1255 7.01 1.844     -12.34 
Downstream 7/14/2008 11.0 25.0 23 4.97 0.57 0.67 1912 5.95 1.925     
S2 Upstream 7/8/2008 11.8 36.3 14 5.78 0.54 0.45 2159 6.71 1.398     6.02 
Downstream 7/8/2008 11.9 28.1 13 5.37 0.49 0.52 2629 6.26 1.369     
S1 
Upstream 7/27/2008 11.2 21.9 26 7.30 0.69 0.33 1205 8.11 1.632       
Gate (outflow) 7/27/2008 13.4 29.3 5 0.40 0.09 0.39 1225       0.018   
Downstream 7/27/2008 13.4 25.1 16 3.70 0.57 0.82 1892 4.64 1.711       
Summary for S1       
Upstream 7/27/2008 11.2 21.9 26 7.30 0.69 0.33 1205 8.11 1.614     
-14.07 
Downstream 7/27/2008 13.4 25.1 16 3.70 0.57 0.82 1892 4.64 1.711     
S1 Upstream 8/21/2008 11.5 18.8 18 7.85 0.60 0.31 1235 8.29 1.483     -3.79 
Downstream 8/21/2008 11.6 21.5 10 3.69 0.53 0.77 1892 4.51 1.508     
S2 Upstream 8/22/2008 12.3 35.0 16 7.20 0.37 0.44 2159 7.57 1.161     16.70 
Downstream 8/22/2008 12.3 25.4 15 5.25 0.42 0.49 2629 5.93 1.083     
S1 Upstream 10/9/2008 8.3 17.2 24 6.88 0.37 0.24 1205 7.03 0.605     -1.72 
Downstream 10/9/2008 8.3 17.1 14 3.74 0.33 0.4945. 1892 4.19 0.617     
S2 Upstream 10/9/2008 9.2 27.5 15 4.05 0.48 0.28 2159 4.68 0.539     0.19 
Downstream 10/9/2008 9.4 23.6 19 5.27 0.36 0.29 2629 5.81 0.538     
 
  
1
2
5
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Table C6. Measured Discharge and Seepage Calculations for Logan Northwest Field Irrigation Canal 
 
Reach 
name 
Cross section 
description Date 
Mean 
temp. 
(oC) 
Mean 
SNR 
(dB)  
Vertical 
No. 
Canal 
top 
width 
(m) 
Mean 
water 
depth 
(m) 
Mean 
velocity 
(m/s) 
Station 
along 
canal 
(m) 
Perimeter 
(m) 
Qi / Qo     
(m^3/s) 
 I 
(m^3/s) 
D 
(m^3/s) 
Estimated 
seepage 
(lps/100m) 
S1 Upstream 6/6/2008 7.72 28.80 15 3.63 0.20 0.96 0 4.02 0.712     21.58 
Downstream 6/6/2008 7.50 28.80 18 5.00 0.57 0.22 412 6.01 0.623     
S2 Upstream 6/6/2008 7.50 28.80 18 5.00 0.57 0.22 423 6.01 0.623     1.51 
Downstream 6/6/2008 7.72 25.10 16 4.32 0.52 0.27 815 4.97 0.617     
S1 Upstream 7/13/2008 10.73 26.70 10 3.64 0.25 1.05 0 4.14 0.969     20.15 
Downstream 7/13/2008             412 6.01 0.886     
S2 
Upstream 7/13/2008             423 6.01 0.886       
Gate (outflow) 7/13/2008 10.97 31.70 5 0.56 0.10 0.65 420       0.035   
Downstream 7/13/2008 11.44 23.50 11 4.16 0.57 0.36 815 4.95 0.844       
Summary for S2       
Upstream 7/13/2008              423 6.01 0.886     1.79 
Downstream 7/13/2008  11.44 23.50 11 4.16 0.57 0.36 815 4.95 0.879     
S3 Upstream 7/13/2008  12.60 33.20 13 4.68 0.38 0.48 878 5.35 0.847     2.50 
Downstream 7/13/2008  12.80 32.10 10 3.62 0.73 0.31 1766 4.75 0.824     
S4 
Upstream 7/2/2008 11.17 28.70 8 2.92 0.59 0.49 1977 3.99 0.837       
Gate (outflow) 7/2/2008 12.09 35.20 5 1.02 0.13 0.36 2700       0.046   
Downstream 7/2/2008 11.90 32.10 9 3.20 0.46 0.54 2820 3.66 0.784       
Summary for S4       
Upstream  7/2/2008 11.17 28.70 8 2.92 0.59 0.49 1977 3.99 0.837     0.76 
Downstream 7/2/2008  11.90 32.10 9 3.20 0.46 0.54 2820 3.66 0.831     
S5 Upstream 7/4/2008 13.64 29.40 9 2.98 0.28 0.44 3624 3.53 0.360     -3.51 
Downstream 7/4/2008 14.48 40.40 9 2.73 0.33 0.43 4624 3.26 0.395     
S6 Upstream 7/4/2008 16.99 32.10 12 4.25 0.46 0.24 5457 4.70 0.468     -1.30 
Downstream 7/4/2008 17.33 32.10 8 2.51 0.27 0.71 6400 3.04 0.480     
 (… continue)  
1
2
6
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(… Continue) 
S1 
Upstream 8/23/2008 11.67 24.10 14 3.65 0.22 0.94 0 3.98 0.748       
Gate (outflow) 8/23/2008 11.87 27.50 5 0.53 0.09 0.58 420       0.027   
Downstream 8/23/2008 11.75 22.60 13 4.83 0.67 0.20 420 6.22 0.651       
Summary for S1       
Upstream 8/23/2008 11.67 24.10 14 3.65 0.22 0.94 0 3.98 0.748     16.52 
Downstream 8/23/2008 11.75 22.60 13 4.83 0.67 0.20 420 6.22 0.678     
S2 Upstream 8/23/2008 12.79 22.60 13 5.00 0.55 0.21 445 5.72 0.586     1.94 
Downstream 8/23/2008 13.50 18.50 12 4.89 0.74 0.16 852 6.16 0.579     
S3 
Upstream 8/23/2008 13.50 18.50 12 4.89 0.74 0.16 852 6.16 0.579       
Pipe (inflow) 8/23/2008 20.21 18.40 4 0.51 0.06 0.42 852     0.012     
Gate (outflow) 8/23/2008 14.55 11.60 6 0.52 0.07 0.06 1072       0.002   
Pipe (inflow) 8/23/2008 14.31 23.20 4 0.45 0.04 1.21 1582     0.021     
Drain (inflow) 8/23/2008 17.98 28.60 3 0.32 0.09 0.07 1582     0.002     
Downstream 8/23/2008 14.60 26.10 11 4.60 0.37 0.33 1797 4.79 0.560       
Summary for S3       
Upstream 8/23/2008 13.50 18.50 12 4.89 0.74 0.16 852 6.16 0.579     5.46 
Downstream 8/23/2008 14.60 26.10 11 4.60 0.37 0.33 1797 4.79 0.527     
S4 
Upstream 8/23/2008 13.98 24.30 8 2.96 0.49 0.40 1996 3.86 0.583       
Pump 
(outflow) 8/23/2008             2600       0.0005   
Gate (outflow) 8/23/2008 13.79 28.50 6 0.95 0.19 0.54 2723       0.096   
Downstream 8/23/2008 14.09 25.90 14 3.30 0.41 0.38 2840 3.84 0.509       
Summary for S4       
Upstream 8/23/2008 13.98 24.30 8 2.96 0.49 0.40 1996 3.86 0.583     
-2.65 
Downstream 8/23/2008 14.09 25.90 14 3.30 0.41 0.38 2840 3.84 0.605     
 (… Continue)  
1
2
7
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 (… Continue) 
S5 
Upstream 8/24/2008 13.79 19.90 11 2.60 0.46 0.34 3627 3.13 0.413       
Gate (outflow) 8/24/2008 14.21 21.70 8 0.91 0.18 0.52 3762       0.084   
Pipe (inflow) 8/24/2008                   0.020     
Gate (outflow) 8/24/2008 17.27 19.50 5 0.69 0.11 0.27 4580       0.021   
Pipe (inflow) 8/24/2008                   0.004     
Downstream 8/24/2008 15.47 39.90 11 2.63 0.31 0.39 4660 3.13 0.319       
Summary for S5       
Upstream 8/24/2008 13.79 19.90 11 2.60 0.46 0.34 3627 3.13 0.413     1.20 
Downstream 8/24/2008 15.47 39.90 11 2.63 0.31 0.39 4660 3.13 0.400     
S7 Upstream 8/24/2008 19.50 39.40 10 1.41 0.56 0.57 5487 2.35 0.453     3.23 
Downstream 8/24/2008 19.85 27.10 13 3.20 0.49 0.27 6252 3.49 0.429     
S1 Upstream 10/21/2008 8.09 12.70 14 3.65 0.09 0.47 0 3.81 0.153     2.31 
Downstream 10/21/2008 7.78 35.10 12 4.85 0.28 0.11 412 5.29 0.144     
S2 Upstream 10/21/2008 7.78 35.10 12 4.85 0.28 0.11 445 5.29 0.144     4.77 
Downstream 10/21/2008 7.86 25.70 11 4.45 0.21 0.13 852 4.66 0.124     
S1 Upstream 10/27/2008 7.83 20.70 10 3.69 0.12 0.57 0 3.91 0.249     4.95 
Downstream 10/27/2008 7.83 18.60 19 4.60 0.29 0.17 412 4.83 0.229     
S2 Upstream 10/27/2008 7.83 18.60 19 4.60 0.29 0.17 445 4.83 0.229     7.17 
Downstream 10/27/2008 7.79 30.20 18 5.00 0.21 0.19 852 5.12 0.200     
S6 
Upstream 10/27/2008 6.30 34.20 10 1.70 0.16 0.80   1.82 0.222       
Pipe (inflow) 10/27/2008                   0.003     
Downstream 10/27/2008 5.89 29.90 13 2.85 0.26 0.25   3.23 0.186       
Summary for S6       
Upstream 10/27/2008 6.30 34.20 10 1.70 0.16 0.80 4660 1.82 0.222     5.24 
Downstream 10/27/2008 5.89 29.90 13 2.85 0.26 0.25 5387 3.23 0.183     
US Qi = Upstream inflow  
DS Qo = Downstream outflow  
D = Flow diverted along the reach 
I = inflow added along the reach 
  
1
2
8
 
 
129 
Table C7. Measured Discharge and Seepage Calculations for Benson Irrigation Canal 
 
Reach 
name 
Cross section 
description Date 
Mean 
temp. 
(oC) 
Mean 
SNR 
(dB)  
Vertical 
No. 
Canal 
top 
width 
(m) 
Mean 
water 
depth 
(m) 
Mean 
velocity 
(m/s) 
Station 
along 
canal 
(m) 
Perimeter 
(m) 
Qi / Qo     
(m^3/s) 
I 
(m^3/s) 
D 
(m^3/s) 
Estimated 
seepage 
(lps/100m) 
S1 
Upstream 6/23/2008 15.99 37.80 11 3.25 0.48 0.44 500 3.91 0.690    
Pipe (inflow) 6/23/2008          0.0015   
Diversion 
(outflow) 6/23/2008 18.59 39.00 10 2.73 0.44 0.27  3.20   0.325  
Downstream 6/23/2008 19.06 44.60 14 4.02 0.40 0.24 1532 4.47 0.389    
Summary for S1                          
Upstream  15.99 37.80 11 3.25 0.48 0.44 500 3.91 0.690   
-2.30
Downstream  19.06 44.60 14 4.02 0.40 0.24 1490 4.47 0.713   
S4 Upstream 6/24/2008 18.40 34.60 13 4.30 0.48 0.16 3312 4.84 0.328   1.36
Downstream 6/24/2008 22.72 21.30 15 3.35 0.75 0.13 4632 4.51 0.310   
S1 
Upstream 7/28/2008 19.74 32.80 23 3.15 0.30 0.60 500 3.63 0.569    
Pipe (inflow) 7/28/2008          0.0017   
Diversion 
(outflow) 7/28/2008 19.10 32.20 11 2.50 0.38 0.25   0.237    
Downstream 7/28/2008 19.48 37.90 28 3.90 0.30 0.24 1532 4.36 0.283    
Summary for S1                          
Upstream 7/28/2008 19.74 32.80 23 3.15 0.30 0.60 500 3.63 0.569   5.01
Downstream 7/28/2008 19.48 37.90 28 3.90 0.30 0.24 1532 4.36 0.517   
S3 Upstream 8/1/2008 17.77 36.30 13 3.20 0.30 0.53 2280 3.51 0.514   0.01
Downstream 8/1/2008 17.06 30.20 14 3.59 0.23 0.62 3162 4.02 0.513   
S4 Upstream 7/28/2008 23.99 31.30 17 4.45 0.47 0.18 3312 5.15 0.369   1.77
Downstream 7/28/2008 24.79 19.00 14 3.25 0.66 0.16 4632 4.24 0.346   
S5 Upstream 7/28/2008 19.33 39.10 14 3.43 0.29 0.24 5078 3.75 0.234   2.75
Downstream 7/28/2008 20.58 12.20 10 1.60 0.26 0.49 6158 1.86 0.205   
S6 Upstream 8/6/2008 16.06 10.60 11 1.78 0.31 0.33 6158 2.11 0.182   0.41
Downstream 8/6/2008 16.74 14.20 8 1.86 0.33 0.29 7040 2.21 0.178   
(…Continue)  1
2
9
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 (… Continue) 
S4 Upstream 8/30/2008 18.10 24.00 15 3.98 0.39 0.17 3312 4.47 0.257   0.87
Downstream 8/30/2008 19.43 17.50 13 3.15 0.50 0.15 4632 3.82 0.245   
S1 Upstream 10/24/2008 9.29 34.50 19 4.22 0.23 0.36 500 4.68 0.351   3.88
Downstream 10/24/2008 9.88 35.80 18 4.29 0.22 0.33 1490 4.45 0.313   
S2 Upstream 10/24/2008 9.88 35.80 18 4.29 0.22 0.33 1490 4.45 0.313   -2.13
Downstream 10/24/2008 9.46 36.50 14 3.35 0.27 0.37 2280 3.65 0.330   
S3 Upstream 10/24/2008 9.46 36.50 14 3.35 0.27 0.37 2280 3.65 0.330   -4.63
Downstream 10/24/2008 10.18 28.00 14 3.51 0.17 0.64 3162 3.79 0.371   
US Qi = Upstream inflow  
DS Qo = Downstream outflow  
D = Flow diverted along the reach 
I = inflow added along the reach 
  
1
3
0
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Table C8. Measured Discharge and Seepage Calculations for Cow Pasture Irrigation Canal 
 
Reach 
name 
Cross section 
description Date 
Mean 
temp. 
(oC) 
Mean 
SNR 
(dB)  
Vertical 
No. 
Canal 
top 
width 
(m) 
Mean 
water 
depth 
(m) 
Mean 
velocity 
(m/s) 
Station 
along 
canal 
(m) 
Perimeter 
(m) 
Qi / Qo     
(m^3/s) 
I 
(m^3/s) 
D 
(m^3/s) 
Estimated 
seepage 
(lps/100m) 
S1 Upstream 6/25/2028 10.59 29.60 7 1.48 0.22 0.55 20 1.92 0.176     1.72 
Downstream 6/25/2028 11.06 32.60 8 1.48 0.27 0.36 1030 2.02 0.159     
S1 Upstream 8/6/2008 12.37 32.50 12 1.93 0.23 0.52 20 2.26 0.235     3.21 
Downstream 8/6/2008 12.79 47.50 11 1.78 0.28 0.40 1014 2.05 0.203     
S2 Upstream 7/26/2008 13.87 33.50 9 1.15 0.19 0.45 1275 1.35 0.097     0.49 
Downstream 7/26/2008 16.15 31.00 9 1.18 0.37 0.22 2069 1.80 0.093     
 US Qi = Upstream inflow  
DS Qo = Downstream outflow  
D = Flow diverted along the reach 
I = inflow added along the reach 
 
 
Table C9. Measured Discharge and Seepage Calculations for Logan Island Irrigation Canal 
 
Reach 
name 
Cross section 
description Date 
Mean 
temp. 
(oC) 
Mean 
SNR 
(dB)  
Vertical 
No. 
Canal 
top 
width 
(m) 
Mean 
water 
depth 
(m) 
Mean 
velocity 
(m/s) 
Station 
along 
canal 
(m) 
Perimeter 
(m) 
Qi / Qo     
(m^3/s) 
I 
(m^3/s) 
D 
(m^3/s) 
Estimated 
seepage 
(lps/100m) 
S1 Upstream 9/8/2008 11.47 38.3 13 2.28 0.18 0.73 969 2.44 0.294     4.89 
Downstream 9/8/2008 11.48 22.9 15 6.85 0.16 0.24 1459 6.89 0.270     
  
      US Qi = Upstream inflow  
DS Qo = Downstream outflow  
D = Flow diverted along the reach 
I = inflow added along the reach 
 
  
1
3
1
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Table C10. Measured Discharge and Seepage Calculations for Southwest Field Irrigation Canal 
 
Reach 
name 
Cross section 
description Date 
Mean 
temp. 
(oC) 
Mean 
SNR 
(dB)  
Vertical 
No. 
Canal 
top 
width 
(m) 
Mean 
water 
depth 
(m) 
Mean 
velocity 
(m/s) 
Station 
along 
canal 
(m) 
Perimeter 
(m) 
Qi / Qo     
(m^3/s) 
I 
(m^3/s) 
D 
(m^3/s) 
Estimated 
seepage 
(lps/100m) 
S1 Upstream 6/25/2008 9.67 31.60 10 3.70 0.50 0.19 30 4.78 0.353     1.63 
Downstream 6/25/2008 9.81 29.10 12 2.77 0.21 0.59 655 2.98 0.342     
S1 Upstream 8/6/2008 12.32 30.50 16 2.76 0.22 0.63 30 4.74 0.379     1.95 
Downstream 8/6/2008 12.09 30.20 14 3.75 0.44 0.22 655 3.01 0.367     
S2 
Upstream 7/26/2008 13.42 35.50 17 3.90 0.18 0.22 685 4.14 0.152       
Pipe (inflow) 7/26/2008 16.25 20.70 5 1.00 0.09 0.36 1160     0.0306     
Downstream 7/26/2008 14.82 30.30 18 3.65 0.19 0.25 1378 3.78 0.171       
Summary for S2 
Upstream   13.42 35.50 17 3.90 0.18 0.22 685 4.14 0.152     1.66 
Downstream   14.82 30.30 18 3.65 0.19 0.25 1378 3.78 0.140     
US Qi = Upstream inflow  
DS Qo = Downstream outflow  
D = Flow diverted along the reach 
I = inflow added along the reach 
  
1
3
2
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Table C11. Measured Discharge and Seepage Calculations for Providence Logan Irrigation Canal 
 
Reach 
name 
Cross section 
description Date 
Mean 
temp. 
(oC) 
Mean 
SNR 
(dB)  
Vertical 
No. 
Canal 
top 
width 
(m) 
Mean 
water 
depth 
(m) 
Mean 
velocity 
(m/s) 
Station 
along 
canal 
(m) 
Perimeter 
(m) 
Qi / Qo     
(m^3/s) 
I 
(m^3/s) 
D 
(m^3/s) 
Estimated 
seepage 
(lps/100m) 
S1 Upstream 6/20/2008 8.51 26.60 10 1.50 0.19 0.52 255 1.87 0.149     
1.76 Downstream 6/20/2008 9.57 39.40 10 2.25 0.24 0.25 995 2.48 0.136     
US Qi = Upstream inflow  
DS Qo = Downstream outflow  
D = Flow diverted along the reach 
I = inflow added along the reach 
 
1
3
3
 
 
  
 
 
 
 
 
 
 
 
 
 
Appendix D. Thematic Maps of the Logan and Blacksmith Fork Irrigation Systems 
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Fig. D1. Ground surface elevation contours in the Logan and Blacksmith Fork 
135 
irrigation systems 
136 
Fig. D2. Geologic Faults in the Logan and Blacksmith Fork irrigation systems 
137 
Fig. D3. Shallow groundwater depths in the Logan and Blacksmith Fork irrigation systems
138 
Fig. D4. Wetlands in the Logan and Blacksmith Fork irrigation systems 
139 
Fig. D5. Soil types in the Logan and Blacksmith Fork irrigation systems  
140 
Fig. D6. Representative saturated hydraulic conductivity in the Logan and Blacksmith Fork 
irrigation systems   
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Appendix E. Statistical Analysis 
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Velocity Comparison of Normal and Reversed Probe Orientation 
 
 
The measurement was done in two sections in two different canals.  The cross section at 
Hyde Park and Smithfield irrigation canal was parabolic with plastic lining over concrete wall; the 
cross section at Logan Northern irrigation canal was done in a concrete rectangular section.  In 
both cases the water level remained constant during the measurement and the measurement 
was taken in the same locations with both methods. 
Table E1. Measured Velocity 
Canal Location 
Normal probe 
orientation 
Reversed probe 
orientation 
Depth 
(m) 
Velocity 
(m/s) 
Depth 
(m) 
Velocity 
(m/s) 
Logan 
Northern 
1.6 0.26 0.4664 0.26 0.4229 
1.8 0.36 0.5428 0.36 0.4999 
2.2 0.38 0.5282 0.375 0.5987 
2.6 0.4 0.5524 0.405 0.5631 
3 0.41 0.5272 0.405 0.5977 
3.4 0.395 0.5126 0.395 0.5698 
3.8 0.38 0.5003 0.38 0.5238 
4.1 0.365 0.4304 0.36 0.4881 
4.4 0.22 0.3303 0.22 0.398 
Hyde 
Park and 
Smithfield 
0.7 0.48 0.387 0.475 0.4162 
1.2 0.48 0.4459 0.48 0.4847 
1.7 0.48 0.4785 0.485 0.5102 
2.2 0.49 0.481 0.49 0.5235 
2.7 0.495 0.4867 0.49 0.4812 
3.2 0.5 0.487 0.5 0.528 
3.7 0.51 0.4623 0.51 0.4956 
4.2 0.51 0.441 0.51 0.4821 
 
In order to know if the two methods (normal and reversed probe orientation) are statistical 
similar a paired t-test is performed to compare the difference of means, assuming that the errors 
are random, normal, independent and identical distributed. 
Output obtained with R software 
Paired t-test 
t = 3.8723, df = 17, p-value = 0.001223 
alternative hypothesis: true difference in means is not equal to 0  
95 percent confidence interval:  0.01392239     0.04725538  
143 
mean of the differences  =  0.03058889 
 
From the paired t-test it can be observed that the confidence interval does not include 
zero, the velocity obtained using the normal position of the probe is not statistically equal to the 
velocity obtained using the reversed position, and the difference cannot be explained by random 
errors. 
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Appendix F. Data Logger Installation 
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Data-Logger Installation 
 
Data loggers (WaterLOG® H-500XLTM), water level sensors (WaterLOG® H-3301, digital 
shaft encoders with a 12-inch circumference pulley, float and counterweight) were installed at the 
broad-crested weir in the Southwest Field canal and at the Parshall flume in the Providence 
Pioneer canal in order to continuously monitor and record the upstream water level.  Based on 
known free-flow calibrations, the data loggers were programmed with the appropriate equations 
to calculate discharge at each of the two sites.  Energy for the data shaft encoder and for the 
loggers is supplied by a 12-V battery that will not be recharged while installed in the field.  Figure 
F1 shows the digital shaft encoder, data logger, and battery installed in an enclosure at one of the 
sites, above the stilling well in which the float and counterweight are found. 
 
 
Fig. F1. Digital shaft encoder (right), data logger (left) and battery (upper left) 
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Data Logger at the Providence Pioneer Canal 
Data logger and shaft encoder were installed on August 15, 2008, and the calibration 
equation for the data logger was Eq. F1.  The water level at the time of installation was fluctuating 
and an inspection was done on September 8, 2008.  During the inspection a small difference of 
0.01 ft was found between the reading on the staff gauge at the Parshall flume (0.41 ft) and the 
water level reported in the data logger (0.42 ft), so corrected calibration equation (Eq. F2) was set 
up. 
 
 hu =  1*sdi01 + 0.525 (F1) 
 
 hu =  1*sdi01 + 0.515 (F2) 
 
where sdi01 is the input given by the equipment, and hu is the water level at the Parshall staff 
gauge in ft. 
Additionally, the battery condition was periodically monitored.  The minimum battery 
voltage during the period 8/15/2008 to 9/8/2008 is shown in Fig. F2.  The voltage during this 
period shows a decreasing trend (as expected because the battery was not recharged).  The 
minimum battery voltages were observed at the day of installation and on the day of inspection, 
and these extreme values were not considered to obtain the trend line shown in Fig. F2.  Also, it 
was observed that the system reset feature was zero, which indicates that there was no energy 
interruption during the period from the day of installation to the day of inspection. 
 
Data Logger at the Southwest Field Canal 
The data logger and shaft encoder were installed on July 23, 2008, and the calibration 
equation for the data logger was Eq. F3 
 
 hu =  1.047*sdi01 + 0.397 (F3) 
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where sdi01 is the input given by the equipment; and, hu is the water level at the broad-crested 
weir staff gauge in ft. 
 
 
 
Fig. F2. Minimum battery voltage at Providence Pioneer canal 
 
Inspection was done on September 8, 2008, where the readings where approximately 
similar (0.587 ft in the staff gauge and 0.58 ft in the water level reported by the data logger). Also 
battery condition was observed.  The minimum battery voltage during the period 7/23/2008 to 
9/8/2008 is shown in Fig. F3.  The voltage shows a decreasing trend.  The minimum battery 
voltages were observed at the day of installation and day of inspection, but these extreme values 
were not considered to obtain the trend line shown in Fig. F3. Also, the system reset was cero, it 
indicates that there was not energy interruption during the period from 8/15/2008 (set as cero) to 
the day of inspection. 
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Fig. F3. Minimum battery voltage at Southwest Field canal 
 
y = -6E-05x + 12.664
R² = 0.834
12
12.1
12.2
12.3
12.4
12.5
12.6
12.7
12.8
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
B
a
tt
e
ry
 v
o
lt
a
g
e
 (
V
o
lt
s)
No of recorded data 
Min Voltage Trendline
